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[. Basis of the report 

1. This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to w Invitation under Article 14 are referred to in this report as "originally filed* and are not annexed to 
the report since they do not contain amendments.): 



Description, pages; 
37,38 

1-7,9,10,16-30, 
32-36 



6,11,113,12*15, 
31 



as originally tiled 
as receive&on 

as received on 



28/07/1999 with letter of 



20/07/2000 with letter of 



09/07/1999 



20/07/2000 



Claims, No.: 

1-21 



as received on 



20/07/2000 with letter of 



20/07/2000 



Drawings, sheets: 

1 as received on 



28/07/1999 with letter of 



09/07/1999 



2. The amendments have resulted in the cancellation of: 

□ the description, pages; 

□ the claims, Nos.: 

□ the drawings, sheets: 

3. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2 (c)): 



4. Additional observations, if necessary: 
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V. 



Reasoned statement under Artlci* 35(2) with regard to novelty, Inventive step or industrial 
applicability; citations and explanations supporting such statement 



1, 



Statement 



Novelty (N) 



Yes: 
No: 



Claims 
Claims 



V21 



Inventive step (IS) 



Yes: 
No: 



Claims 
Claims 



1-21 



Industrial applicability (1A) 



Yes: 
No: 



Claims 
Claims 



1-6,8-13,18*21 



2. Citations and explanations 
see separate sheet 

VI. Certain documents cited 

1. Certain published documents (Rule 70.10) 
and / or 

2. Non-written disclosures (Rule 70.9) 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted; 
see separate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 

see separate sheet 
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V. 

In the light of the documents cited in the search report the present claims 1-21 can be 
considered as being novel (Art, 33(2) PCT). 

Further, the present claims 1-21 can be considered as being inventive (Art. 33(3) PCT) 
as the object of the present application, namely to provide compounds that 
demonstrate activity at the various metabotropic glutamate receptors (mGluRs), and 
the presently claimed solution have not been suggested by any of the cited prior art 
documents, D1 (PELLICCIARI et al, Asymmertic Synthesis of Enantfomerically pure 
(aS^'S^'S^flJ-Phenylcarboxycyclopropylglycine, BIOORGANIC & MEDICINAL 
CHEMISTRY LETTERS » vol, 6 ( no. 18, pages 2243-2246, 1996) which can be 
considered as closest prior art document refers to cyclopropyl analogs and in the light 
of this teaching it was not obvious for a skilled person to arrive at the present subject- 
matter. 

For the assessment of the present claims 7,14-17 on the question whether they are 
industrially applicable, no unified criteria exist in the PCT Contracting States. The 
patentability can also be dependent upon the formulation of the claim .The EPO, for 
example, does not recognize as industrially applicable the subject-matter of claims to 
the use of a compound In medical treatment, but may allow, however, claims to a 
known compound for first use in medical treatment and the use of such a compound for 
the manufacture of a medicament for a new medical treatment, 

VL 

The present application claims priority rights from 17/4/98. The priority document 
pertaining to the present application was not available at the time of establishing this 
report. Hence it is based on the assumption that all claims enjoy priority rights from the 
filing date of the priority document. If it later turns out that this is not correct* the 
document D2 (PELLICCIARI et al: "Synthesis and preliminary evaluation of (S)-2-(4 1 - 
carboxycubyi)glycine, a new selective mGiuRI antagonist" BIOORGANIC & 
MEDICINAL CHEMISTRY LETTERS, voL 8, no, 12, 16/8/98, pages 1569-1574), cited 
in the search report would become very reiev&nt in the assessment of the patentability 
of the present application. 

VIL 

The amendments in on pages 8,1 1 ,12,14 and claims 4,5,13,16,17 and 21 filed with the 
letter dated 20/7/00 introduce subject-matter which extends beyond the content of the 
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application as filed, contrary to Article 34(2)(b) PCT. 
VIII. 

The term "aliphatic" (claim 1) without any indication of the number of carbon atoms is 
too broad in scope and therefore unclear (Art, 6 PCT). 

Further, expressions as "the like" and "about" with reference to ranges are unciear. 
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CUBANE ANALOGS WITH ACTIVITY AT THE 
MET AB OTROPIC GLUTAMATE RECEPTORS 



FIELD OF THE INVENTION 

This invention pertains to therapeutically active cubane derivatives, a method for preparing the; 
same, pharmaceutical compositions comprising the compounds and a method of treating diseases 
of the Central Nervous System (CNS) therewith. 

BACKGROUND OF THE INVENTION 

The acidic amino acid L-Glutamate is recognized a3 the major excitatory neurotransmitter in the 
CNS, The receptors that respond to L-Qutamate are called excitatory amino arid receptors, The 
excitatory amino acid^receptors are thus of great physiological importance, playing a role in a 
variety of physiological processes, such as long-term potentiation (learning and memory), the 
development of synaptic plasticity, motor control, respiratory and cardiovascular regulation, and 
sensory perception. 

Excitatory amino acid receptors are classified into two general types and both are activated try 
L-Glutanric acid and its analogs. Receptors activated by L-Glutamic acid that are directly coupled 
to the opening of cation channels in the cell membrane of the neurons are termed "ionotropic." 
This type of receptor has been subdivided into at least three subtypes, which are defined by the 
depolarizing actions of the selective agonists N~Methyl-*D-a$partate (NMDA), oc-Amino-3- 
hydroxy-5-methylisoxazole-4-propionic acid (AMPA) S and Kainic acid (KA), 

The second general type of receptor is the G-protein or second messenger-linked "metabotropic" 
excitatory amino acid receptor This second type is coupled to multiple second messenger 
systems that lead to enhanced phosphoinositide hydrolysis, activation of phospholipase D, 
increases or decreases in cAMP formation, and changes in ion channel function (Schoepp and 
Conn, Trends in 

Pharmacological Science, 14:13, 1993). Both types of receptors appear not only to mediate 
normal synaptic transmission along excitatory pathways but also to' participate in the modification 
of synaptic connections during development and throughout life. 

So far eight different clones of the G-protein-coupled metabotropic glutamate receptors 
(mGluRs) have been identified (Knopfel et al„ 1995, J. Med Chem., 38,-1417-1426). These 
receptors function to modulate the presynaptic release of L-Glutamate t and the postsynaptic 
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sensitivity of the neuronal cell to L-Glutamate excitation. Based on pharmacology, sequence 
homology and the signal transduction pathway that they activate, the mGluRs have been 
subclassified into three groups. The mQIuRl and mGIuRS receptors form group I. They are 
coupled to hydrolysis of phosphatidylinositol (PI) and are selectively activated by (JlS)-3,5- 
dihydroxyphenylglycine (Brabet et al., Neuropharmacobgy, 34, 895-903, 1995). Group n 
comprises mGluRa and mGluRs receptors. They are negatively coupled to adenylate cyclase and 
are selectively activated by (25 f > ri?,2 l i?,3 l i2)~2-(2,3»dicarboxycyclopropyl)glycine (DCG-TV; 
Hayashi et al., Nature, 366, 687-690, 1993). Finally, the mGluJ^ rnGiuR«, mGluR 7 and mGluR« 
receptors belong to group ID. They are also negatively coupled to adenylate cyclase and are 
selectively activated by (L)-2-amino-4~phosphonobutyric acid (L-AP4, Knopfel et aU 1995, 1 
Med Chem., 38, 1417-1426). 

Agonists and antagonists of these receptors are believed useful for the treatment of acute and 
chronic neurodegenerative conditions, and as antipsychotic, anticonvulsant, analgesic, anxiolytic, 
antidepressant, and anti-emetic agents. Antagonists and agonists of neural receptors are classified 
as selective for a particular receptor or receptor subtype, or as non-selective. Antagonists may 
also be classified as competitive or non-competitive. While competitive and non-competitive 
antagonists act on the receptors in a different manner to produce similar results, selectivity is 
based upon the observations that some antagonists exhibit high levels of activity at a single 
receptor type, and little or no activity at other receptors. In the case of receptor-specific diseases 
and conditions, the selective agonists and antagonists are of the most value. 

Compounds such as L-Giutamic acid, Quisqualic acid and Ibotenic acid are known to act as non- 
selective agonists on the mGluRs, while selective ionotropic glutamate receptor agonists such 
as NMD A, AMP A and Kainic acid have little effect on these receptors. Recently a few 
compounds without activity at the ionotropic glutamate receptors but with activity at the 
metabotropic receptors have been identified. These include /ra*£-ACPD (trans (iS^Ji-U 
aminocyclopentane-l % 3~dicarboxylic acid), the partial agonist L-AP3 (L-2-ammO-3- 
phosphonopropionic acid, Palmer, E M Monaghan, D. T. and Cotman, C. W. Birr. J. Pharmacol 
166, 585-587, 1989; Desai, M. A and Conn, P. J. Newvsctence Lm. 109, 157-162, 1990, 
Schoepp, D, D. et aL, J. Nevrochemistry, 56, 1789-1796, 1991; Schoepp D. D. and Johnson B. 
G J.N&urochemtstryS\ 1865-1613, 1989), L-AP4 (L~2-airuno-4~phasphonobutyric acid) which 
is an agonist at the mGIuR* receptor (Thomsen C. et al., Ew\ J. Pharmacol. 227 361-362, 
1 992) and some of the isomers of CCG (2-(carboxycyclopropyl)glycines) especially L-CCG-1 and 
l-CCG-II (Hayashi, Y. et A. % Br. J. Pharmacol 107, 539^543, 1992) 
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Very few selective antagonists at the mGluRs have been reported. However some phenylglycine 
derivatives, 5-4CPG (S^-carboxyphenylglycine), S-4C3HPG (S-4-carboxy -3- 
hydroxyphenylglycine) and S-MCPG ( < S'-a-methyI-4-carbox>'phenylglycinc) have been reported 
to antagonize trans-ACVD- stimulated phosphoinositide hydrolysis and thus possibly act as 
antagonists at mGluRi and mGluRs subtypes (Thomsen, C and Suzdak, P, Eur. J. Pharmacol, 
245, 299, 1993). 

Research directed towards mGluRs is beginning to show that mGluRs may be implicated in a 
number of normal as well as pathological mechanisms in the brain and spinal cord. For example, 
activation of these receptors on neurons can: influence levels of alertness, attention and 
cognition; protect nerve cells from excitotoxic damage resulting from ischemia, hypoglycemia 
and anoxia; modulate the level of neuronal excitation; influence centra! mechanisms involved in 
controlling movement; reduce sensitivity to pain; reduce levels of anxiety. 

The use of compounds active at the mGluRs for the treatment of epilepsy is corroborated by 
investigations of the influence of trans-ACPD on the formation of convulsions (Sacaan and 
Schoepp, Neuroscrence Lett. 139, 77, 1992) and that phosphoinositide hydrolysis mediated via 
mGluR is increased after kindling experiments m rats (Akiyarna et al. Brain Res. 569, 71., 1992), 
Trans* ACPD has been shown to increase release of dopamine in the rat brain, which indicates 
that compounds acting on the mGluRs might be usable forthe treatment of Parkinson's disease 
and Huntington's Chorea (Sacaan et al ¥ 1 Newochemistry 59, 245, 1992). 

Trans- ACPD has also been shown to be a neuroprotective agent in a medial cerebral artery 
occlusion (MCAO) model in mice (Chiamulera et al. Ear. J. Pharmacol, 215, 353, 1992), and 
it has been shown to inhibit NMDA-induced neurotoxicity in nerve cell cultures (Koh et al., 
Proc* Nail Acad Sci. USA 8$, 9431, 1991). The mGJuR-active compounds are also implicated 
in the treatment of pain. This is proved by the fact that antagonists at the metabotropic gjutarnate 
receptors antagonize sensory synaptic response to noxious stimuli of thalamic neurons (Eaton, 
S, A. et al , £?/r. / Neitrosctence* 5, 186, 1993). 

The use of compounds active at the mGluRs for treatment of neurological diseases such as senile 
dementia have also been indicated by the findings of Zheng and Gallagher (Neuron 9, 163, 1992) 
and Bashir et al, (Nature 363, 347, 1993) who demonstrated that activation of mGluRs is 
necessary for the induction of long-term potentiation (LTP) in nerve cells (septal nucleus, 
hippocampus) and the finding that long-term depression is induced after activation of 
metabotropic glutamate receptors in cerebellar granule cells (Linden et al. Neuron 7, 81, 1991 J. 
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Thus compounds that demonstrate either activating or inhibiting activity at mGluRs have 
therapeutic potential for the treatment of neurological disorders. These compounds have 
application as new drugs to treat both acute and chronic neurological disorders, such as stroke 
and head injuries; epilepsy; movement disorders associated with Parldnson'$ disease and 
Huntington 1 s chorea; pain; anxiety; AIDS dementia; and Alzheimer's disease. Since the mGluRs 
can influence levels of alertness, attention and cognition; protect nerve celts from excitotoxic 
damage resulting from ischemia, hypoglycemia and anoxia; modulate the level of neuronal 
excitation; influence central mechanisms involved in controlling movement; reduce sensitivity to 
pain; and reduce levels of anxiety, these compounds can also be used to influence these situations 
and also find use in learning and memory deficiencies such as senile dementia. mGluRs may also 
be involved in addictive behavior, alcoholism, drug addiction, sensitization and drug withdrawal 
(Science, 280:2045, 1998), so compounds acting at mGluRs might also be used to treat these 
disorders. 

The current pharmaceutical options for treating neurological disorders tend to be very general 
and non-specific in their actions in that, although they may reduce the clinical symptoms 
associated with a specific neurological disorder, they may also negatively impact normal function 
of the central nervous system of patients. Thus new cellular targets and drugs that are more 
specific in their actions require to be identified and developed and thus & need remains for 
chemical compounds that demonstrate specific binding characteristics towards mGluRs. 
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It is an object of this invention to provide novel compounds that demonstrate activity at the 
various metabotropic glutamate receptors (mduRs). In particular, a compound of Formula I 
and stereoisomers thereof: 




R3 



wherein: 

Rl can be an acidic group selected from the group consisting of carboxyi, phosphono, 
phosphino, sulfono, sulfino, borono, tetrazol, isoxazol, -CHj-carboxy], -CHz-phosphono, -CHi- 
phosphino, -CH 2 -sulfono, -CHj-suIfino, -CH 2 -borono, -CHa-tetrazoi, -CHriaoxazol and higher 
homologues thereof; 

R2 can be a basic group selected from the group consisting *of 1° amino, 2° amino, 3* amino, 
quaternary ammonium salts, aliphatic 1° amino, aliphatic 2° amino, aliphatic 3* amino, aliphatic 
quaternary ammonium salts, aromatic 1° amino, aromatic ¥ amino, aromatic 3* amino, aromatic 
quaternary ammonium salts, imidazole guanidino, boronoaminc, ally!, urea, thiourea, 

R3 can be H a aliphatic, aromatic or heterocyclic, 

R4 can be an acidic group selected from the group consisting of carboxyl; pbosphono, 
phosphino, sulfono, sulfino, borono, tetrazoL isoxazol; 

and pharmaceutical^ acceptable salts thereof 

DETAILED DESCRIPTION OF THE INVENTION 

The terms and abbreviations used in the instant examples have their normal meanings unless 
otherwise designated For example "°C" refers to degrees Celsius, "N* refers to normal or 
normality; "nuno!" refers to millimole or millimoles; "g M refers to gram or grams; M mL (l means 
milliliter or milliliters; "M" refers to molar or molarity, "MS" refers to mass spectrometry, "1R" 

5 



; 13. OKT. 2000 1 6:36 EPA MU EN CHEN +49 89 23984465 
28^07-^999 - " " fCT/CA99/0031^ 



09 

SUMMARY OF THE INVENTION 



13. OKT, 2000 16:36 EPA MUENCHEN +49 89 239Q4465 NR. 641 1 S. 13/52^ 

28:07-199^ f.9^$^99^ P^T / GA 9 ^|SA^isp2^ 

09 JULY 1999 (o 9 - O 7 . 99) 
refers to infrared spectroscopy; and ,! NMR n refers to nuclear magnetic resonance spectroscopy. 

As would be understood by the skilled artisan throughout the synthesis of the compounds of 
Formula I, it may be necessary to employ an ammo-protecting group or a carboxy-protecting 
group in order to reversibly preserve a reactively susceptible amino or carboxy functionality . 
while reacting other functional groups on the compound- 
Examples of such amino-protecting groups include formyl, trityl, phthaltmido, trichloroacetyl, 
cWoroacetyf, bromoacetyl, iodoacetyl, and urethane-type blocking groups such as 
benzyloxycarbonyi, 4-phenylben2yloxycarbonyl, 2-methylbenzyIoxycarbonyl, 

4-rnethoxybenzyloxycarbonyl > 4- fluorobenxyloxycarbonyl, 4-chlorobenzyloxycarbonyl, 

3- chlorobenzyIoxycarbonyl, 2-chlorobenzyloxycarbonyI, 2,4-dichloroberizyloxycarbonyl, 

4- broinobenzyloKycarbonyl, 3-bromobenzyloxycarbonyl, 4-rritxobenzyloxycarbonyl, 
4-cyanobenzyIoxycarbonyl, Mmtoxycarbonyi, 2-(4-xenyl)-isopropoxycarbony] l 
1, 1-diphenyleth-l-ybxycarbony], 1, l-diphenylprop-l-yloxycarbonyl, 
2-pheny!prop-2-yIoxycarbonyI, 2-(p-toluyl)-prop-2-yIoxycarbonyl 1 cyclopentanyloxy-carbonyi, 

1- methylcyclopentanyloxycarborryl, cyclohexanyloxycaibonyl. 1-methylcyclohexanybxycarbonyl, 

2- methylcyclohexanyloxycarbonyl, 2-(4-toluylsulfcno)-ethoxycarbonyI, 
2-(methylsulfono)ethoxycarbonyl, 2-(txiphenylphosphino)~ethoxycarbonyl, 
fluorenylmethoxycarbony] ("FMOC 1 '), 2-(trimethyIsilyl)etiio>cycarbonyl, allyloxycaxbonyl, 
1 -(trunethylsilybnethyl)prop- 1-enyioxycarbonyl, 5-benzi$oxalylmethoxycarbonyK 
4-acetoxybenzyIoxycaibonyl 2,2,2-trichloroethoxycarbonyl, 2-ethynyI-2-propoxycaibonyI l 
cyciopropylmethoxycarbonyl, 4-(decycIoxy)benzyioxycarbony!, isobornyioxycarbonyi, 
1-piperidyloxycarbonlyl and the like; benzoylmethylsulfono group, 2-nitrophenylsulfenyl, 
diphenylphosphine oxide and like amino-protecttng groups. The species of amino-protecting 
group employed is not critical so long as the derivatized amino group is stable to the condition 
of subsequent reaction(s) on other positions of the intermediate molecule and can be selectively 
removed at the appropriate point without disrupting the remainder of the molecule including any 
other amino-protecting group(s). Preferred amino-protecting groups are r-butoxycarbonyl 
(/-Boc), allyloxycarbonyl and benzyloxycarbonyl (CbZ) Further examples of these groups are 
found in E. Haslara in Protective Groups m Organic Synthesis; McOmie, J, G. W., Ed. 1 973, 
at Chapter 2; and Greene, T.W. and Wuts, P. G. M.. Pi'btectivv Groups in Organic Synthesis^ 
Second edition; Wiley-Interscience: 1991, Chapter 7. 

Examples of such carboxyl-prgtecting groups include methyl, /Miitrobenzy!, /?-methy I benzyl, 
/>methoxybenzy], 3 . 4-dimethoxybenzyl, 2,4-dimethoxybenzyl, 2,4,6-trirnethoxybenzyl, 
2 1 4,5-trimethylben2yl 1 pentamethylbenzyi 3,4-methylenedioxybenzyl, benzhydryl, 
4,4 , -d;methoxj*enzhydryl, 2,2\4,4^tetramethoxybenzhydryI, /-butyl, /-amyl, trityl. 
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4-methoxytrityl, 4,4^dimethoxj*rityl, 4,4 , ,4"-trimcthoxytrityl, 2-phenytprop-2-yl, trimethylsilyl, 
/-butyldimethylsily], phenaeyl, 2,2,2-trichloroethyl, (3-(di(n-butyl)methylsilyl)ethyi, 
/Moluenesulfbnoethyl, 4-nitrobenzylsulfbnoe%l, allyl, ciruiamyl, 

l-(trimcthylsilylmethyt)prop-l-en-3-yl and like moieties. Preferred carboxyl-protecting groups are ' 
ailyl, benzyl and f-butyl. Further examples of these groups are found in E. Hasiam, supra, at Chapter 
5; and T. W Greene and P. G. M. Wuts, supra, at Chapter 5. 

The present invention provides a compound of the formula: 

(I) 



^ ^ R < 



R3 
wherein: 

Rl can be an acidic group selected from the group consisting of carboxyl, phosphono, phosphino, 
sulfono, sulfino, borono, tetrazol, isoxazoh -CH 2 -carboxyl, -CHrphosphono, -CHa-phosphino. - 
Cffc-sulfono, -CH 2 -sulfino, -CHi-borono, -CH 2 -tetrazoi, -Cffc-isoxazol and higher analogues 
thereof; 

R2 can be a basic group selected from the group consisting of 1° amino, 2° amino, 3* amino, 
quaternary ammonium salts, aliphatic V amino, aliphatic 2° amino, aliphatic 3° amino, aliphatic 
quaternary ammonium salts, aromatic T amino, aromatic 2° amino, aromatic 3° amino, aromatic 
quaternary ammonium salts, imidazole guanidino, boronoamino, ally!, urea, thiourea ; 

R3 can be H, aliphatic, aromatic or heterocyclic; 

R4 can be an acidic group selected from the group consisting of carboxyi, phosphono, phosphino, 
sulfono, sulfino, borono, tetrazol, isoxazol; 

and pharmaceutical^ acceptable salts thereof. 
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In particular compounds wherein Che compound af Formula I fa Selected from the group 
consisting of: 



Kl fx COOH 
R2iaNH, 

RJ can be H or methyl or xanthyl or tMoxanthyl or -Cl^xenlhyl or -CH^-lhioxaiithyl and 
R4isC00H 

While «{( of the compounds or Formula I m believed tn demantfrate activity at the nactabotrop'tc 
glucamatc receptors (mOiu&sK cerfcwn groups of Formula I compounds are more preferred for 
such U5e. 

Ay noted above, this invention includes the pharmaccuticuHy acceptable Malts of ihc compounds 
defined by Formula I A compound of thi* Invention caa pos«cas a sufficiaiily acidic, a 
sufficiently basic, or botfi functional groups, and accordingly react with any uf a number of 
organic and inoffianic bases, and inorganic and organic acids, to form a phjanraceutically 
acceptable sail. 

The term "phanmceutic&lly acceptable salt 1 * as used herein* refer* to salts of the compounds of 
the above formula which are substantially non-loxic to living organisms. Typical 
pharmaceutical ly acceptable **f & include £ho#c flails prepared by reaction of the compounds of 
Lhc pRsuflt invention wilh a pharmacouttcally acceptable mineral or organic acid or m organic 
or inorganic banc. Such salU lire known as acid addition and base addition «dtt. 

Acids commonly employed lu fomi arid addition sails aae imxgaoic arifr such <g tydrc>chloric arid* 
hydnDbiumic acid, hydriudic acid sulfuric acid, phosphoric acid, and the like, arcl oisanic acids such as 
^tt>iucnav3fcnic add, TCthancsulfonic acid, oxalic acid, ^toomophtiny|^lf<^ add, carbonic 




wherein: 
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acid, succinic acid, citric acid, benzoic acid, acetic acid, and the like. Examples of such 
pharmaceutical^ acceptable salts are the sulfate, pyrosulfate, bisulfite, sulfite, bisulfite, phosphate, 
monohydrogenphosphate, dibydrogenphosphate, metaphosphate, pyrophosphate, bromide, iodide, 
acetate, propionate, decanoate, caprylate, acryiate, formate, hydrochloride, ^hydrochloride, ' 
isobutyrate, caproate, heptanoate, propiolate, oxalate, malonate, succinate, suberate, sebacate, 
furnarate, maleate, butyne-l,4-dioate, hexvne-l,«-dioate, benzoate, ehlorobenzoate, methylbenzoate, 
hvdroxybenzoate, methoxybenzoate, phthalate, xylenesulfbnate, phenylacetate, phenylpropionate, 
Phenylbutyrate, citrate, lactate, gamma-hydroxybutyrate, glycols, tartrate, methanesulfonate, 
propanesulfonate, naphthalene- 1 -sulfonate, napththaiene~2.sutfbm.te, mandelate and the like. 
Preferred pharmaceutical acceptable acid addition salts are those formed with mineral acids such 
as hydrochloric acid and hydrobromic acid, and those formed with organic acids such as matac acid 
and methanesulfonic acid 

Salts of amine groups may also comprise quarternary ammonium salts in which the amino nitrogen 
carries a suitable organic group such as an alky), alkenyl, alkynyi, or.aralkyl moiety. 

Base addition salts include those derived from inorganic bases, such as ammonium or alkali or 
alkaline earth metal hydroxides, carbonates, bicarbonate*, and the like. Such bases useiul in 
preparing the salts of this invention thus include sodium hydroxide, potassium hydroxide, ammonium 
hydroxide, potassium carbonate, sodium carbonate, sodium bicarbonate, potassium bicarbonate, 
calcium hydroxide, calcium carbonate, and the like. The potassium and sodium salt forms are 
particularly preferred 

It should be recognized that the particular counterion forming a part of any salt of this invention is 
usually not of a critical nature, so long as the salt as a whole is pharmacologically acceptable and as 
long as the counterion does not contribute undesired qualities to the salt as a whole. This invention 
further encompasses the pharmaceutically acceptable solvates of the compounds of Formula 1. Many 
of the Formula I compounds can combine with solvents such as water, methanol, ethanol and 
acetonitrile to form pharmaceutically acceptable solvates such as the corresponding hydrate, 
methanolate, ethanolate and acetonitrilate. 

The compounds of the present invention have multiple asymmetric (crural) centers As a 
consequence of these chira! centers, the compounds of me present invention occur as'racemaies. 
mixtures of enantiomers and as individual enantiomers, as well as diastereoniers and mixtures of 
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dtemomw. All asymmetric foims, individu.1 !som« »d combinations there.* are within the 

scope of the present invention. 

The prefixes "R" and "S" are used herein as commonly used in organic chemistry to denote the 
absolute configuration of a chiral center, raiting to the Cahn-Ingold-Prelog system. The 
stereochemical descriptor R {rectus) refer, to that configuration of a chiral center with a clockwise 
relationship of groups tracing the path from highest to second-lowest priorities when viewed from 
the side opposite to that of the lowest priority group. The stereochemical descriptor S (am**) 
refers to that configuration of achiral center with a counterclockwise relationship of groups tracmg 
the path from highest to second-lowest priority when viewed from the side opposite to the lowest 
priority sroup. The priority of groups is decided using sequence rules as described by Cahn et al„ 
Angi*. Chem., 78. 413-447, 1*>6 and Prelog, V. and Helmcben, G , A„gew. CW Air. Ed. Eng., 
21, 567-583, 1982). 

In addition to the R S system used to designate the absolute configuration of a chiral center, the 
older ek. system is also used in this document to denote relative configuration, especially with 
reference to amino acids and amino acid derivatives. In this system a Fischer projection of the 
compound is oriented bo that carbon-1 of the parent chain is at the top. The prefix "d* is use* to 
represent the relative configuration of the isomer in which the functional (determinmg) group * on 
the right side of the carbon atom at the chiral center and "L'\ that of the isomer in which it is on the 
left. 

As would be expected, the stereochemistry of the Formula I compounds is critical to their potency 
as agonists or antagonists. The relative stereochemisny is established early during synthesis, wheh 
avoids subsequent stereoisomer separation problems later in the process. Further manipulation of 
the molecules then employs stereospecific procedures so as to maintain the preferred chirabty. The 
preferred methods of this invention are the methods employing those preferred compounds. 

Non-toxic metabolically-labue esters and amides of compounds of Formula I are ester or amide 
derivatives of compounds of Formula I that are hydrolyzed in viVo to afford said compounds of 
Formula I and a pharmaceutical acceptable alcohol or amine. Examples of metabolically-labile 
esters include esters formed with (1-6C) alkanols in which the ajkanol moiety may be optionally 
substituted by a (1-8C) alkoxy group, for example methanol, ethanol, propanol and metoyethanol 
Examples of metaboUcally-labile amides include amides formed with amines such as methylamme 
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According to another upeel, ibe p™^' invcfllior P rovidcB 6 pr0Ces * for * C W 9rition of 1 
compound of Formula I, or a phaaraaifeilly acceptable nwtaboUcally-labile ester or amide . 
thereof, or a pharmBceuttcally acceptable salt thereof, which comprises-. 

(a) hydtolyzing a compound of formula, flla): 



wherein: W'l 1* an acidic group selected from tha group confflslii^ of caxboxyl, pfaosphono. 
phospbiiio, sulfofK), sulftio, boitmo, tatrasol. iJKiunl, -Q^iboxyl. -phosphor*, -CH*- 
phesphim. -CH^uKm* -CH^ulfino. .CK r bowno, -CH,-tetrW, CrVitfucwoI and higher 
analogues thereof, or a protected form Ui<wx>r, RJ can bo H, aliphatic, aromatic or heterocyclic 
and US represents a hydrogen atom or an acyl group. Preferred values for R5 are hydrogen and 





(b) deprotectins and hydrolyzing a compound of formula (11 b) 



R'1 




-whercm'. R'l and RJ are as defined shove; or 
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(c) hydroVyzing a compound of formula-. 

11 




-K6 



am 



wherein: * 1 and R3 fan the meaning Ufa* above. R6 and ** each kdepe^ndy represent a 
hydiogeaatom, a (2-60) aitoyl poup. a (1-40 W 8 »up, a (3-4C) alto*yl group or . 
pLyKl-40 alkyl group in which th* phenyl « umubstituicd or ^tufcdby baloger,, (1-4C) 
alkyl or U-4C) alknxy, or a salt thaierf; or 



lia 
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(d) dcprotocling 8 compound of formula; 




R3 



(TV) 

COjR8 



*ha*v. 11 «d R3 ha* if* rmfcning defined above M *p«sonLs . hydros atom oi a carboxyl 
protecting group, or a ull the** and R9 Kp*«* * " a ntogen 

group; 

whereafter, tf necessary wd/or desired: 
(i) resolving the compound of Formula 1; 

09 converting the compound of Formula 1 into * -n-urfe rr^olically-bbilo „ or anude 
thereof; 

(iii) converting the compound of Formula. I or a nw-coxic raotaboKcaily-- labile est* 1 " <v thereof 
into « pharniacoiitically acceptable sail thereof. 

Th, pr0toc a« rt of carbo*yUc end amino groups ii generally described in McOmie. Protecting 
Group, in Organic Che™**. Plenum Pu**, NY. 1*73. and Cr**c and W* Protect Group* 
h Or** Synthesis, 2nd. BL. John Wiley & Sow, MY. 1 991. Example of carboxyl prowling 
grt ,up fl include dky« groups such a* methyl, ethyl, r-butyl *«d *-a*yl; aralky I groups *uch as bony i 
Litrob**yi, 4- me ito*yl*n*>l. 3,4-dirnc^yr^yl. Wimcthoxybcrusyt. 
2^6-trirncU^ybcrayl, ZA6^hylbor«yi, bemhydryl and trilyi; sily! groups aucfa «. 
irimcthylsilyl and ^ryldimcthylsilyt; and *Uyi W « U ch as ailyl and 
1 -ftrirnethykilylrnclhy Oprop-l -ov-Vyl 

Examples of arninc-prowcting groups include acyl groups, suoh as groups of formula R* CO in 

a (3-100 cydoalkoxy, «h*»\n a phenyl group may optionally be mbMtand by one or two 
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mMuemi independently Reeled from ^no. hydroxy. nilro, halogen (1-6C) alkyl. 0-«O 
alko*y carboxyl, 0-6O alkoxycartwnyl, carbamoyl, (1-60 •nm V lv»it». W 
aUcyMpbftnylamino, pheAyi^phooylamino. tolucmwutphonylamino, and (l^O taortyL 

The compos of Formula U «e comply hydrolyaai fa. the prow* of an acid such « 
hydrochloric acid or sulfuric arid, or a «di as an alkali maul hydride, for sample sodium 
hydroxide. The hydrolysis Is conveniently P®rf° nt *°^ * n 9,1 4 ^ wous su ' ven * suc * 1 118 wa5er *" 
temperature in the range of 50 to 200 °C. 

a n ** m^lhydrmide such * tithium, «K»» or pwta hydroxide, cr in -Burt*-* «*- 
an anion « J «,-#!«. mudia incl ude water. The temperature is 

hydroxide such sis barium hydra* ide. Suitable reason munia inci u» »~ 

convationlly in the range of from SO to 150 °C 

The a*™..— «f <W» >V «■>■ b. *pn,«tai by . «wmio*l mtal Thus, « *)H 
crf^y! gr»P ™y bp ..moved by krArirA. Tte H*"** ™y »«va.i«* * 

protecting group. 

The aanpan* of Formula n may bo prepared by * expound of formula (V): 



(V) 

o 

RJ „ 



RJ 



— 13. OKT. 20C0 16:33 EPA MUENCEEK +49 89 23994465 NR. 6411 S. II, 

with an alkali metal cyanide, such as lilbium, sodium or potassium cyanide, and an arnmonium 
halide. such as ammonium chlorido. conveniently in tbo presence at ultrasound. Thus, toe 
ammonium hatido is mi*ed with diromatography grade alumina in Ih* presence of a suitable diluant 
such an acoionimle. The mixture i» then imdiatod with oltrasound, wbereafbr the compound or 
Formula V is added, and tr» mkiurc is again irradiated. Tho alkali natal cyanide is then added, 
followed by farther irrfldiation wtlii ultrasound, 

Individual isomers of wmpouofc of Formula J may fee mdo by reacting a compound of the ftinnula 
V wilh the fitenobDmn of the crdrai agent <»- and (#-phwvylglycirir>l and a reaciivecyanfcie such 
as trunelliytoilyl cyanide. 

Tho compounds of Formula W may bo prepared hy reacting a compound of Formula V wilh an 
alkali metal cyanids, such at lithium, sodium or potassium cyanide, and ammonium carbonate or 
ammonium carbamate. Convenient solvents include water, dilute ammonium hydroxide, alcohols 
»ch as methanol, uqwou* methanol and aqueous ethanol. Conveniently <he ration ta performed 
ui a temperature in the range of from 16 lo 150 °C. If desired, the contends of Formula III may 
rhonbealkylatod. for oxampto using an appropriate compound of formula R6 CI and/or K7 C!. 

The expounds of Formula V can be prcyarcd by reacting ^compound of formula: 




wa *achl0Tiuati« 8 a^ W chloride MM by «*c^ 

whh orBPnocoppercr ^^ ff WN^^ ta " ,X *^ , ^ | , * ,, 
hydros imMc in tho pre**** of or B *nodtrrium. ^heroin R3 Ha* fe> tuning dated above 

and X is halogen 
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fhv compounds «f Formula V can 



also b& prepared by Oxidising » compound of foimuU 




(VM) 



CH,OH 



undo- Swcrn conditions. 




<vm) 



by reduction. 

.a^tebouKhtcomnKarially. Whan R'l ^^cr^tituent. 

ltn*»und, f F 0 n^^ 

Th , ^ , ^ or thc ^ — ^j^:— 

ntfUx^octaory amino add re^o* Storing to . 

M i» I. . T m ° lUR !ir^no acid » 

^ requiri , e ««- , 1* « 

.ph^col^iodiy-cifccuve amount » ^ P rf ^ „ 

a, » ag^t « anugon«t. **** 
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p , ^ ^-nnnnd with the excitatory amino acid receptor 
mtafa ft. response of the mteracfon of tins receptor « 

excitatory amino acid receptor mocks me respuuw * 



ligand (U. L-Glutarnic acid). 



determine* by the particular circumstances «»«*«• ""JZ'ZTJ** «t **, 
a „d. the rcte of X 1 »r \ZZ ora, 

creations. «—r*-^'^^^ , e r «— *»— «*• * 

transdermal, subcutaneous, .mravenous, ^~3 A ° ^ ^ ^ Son, tf»u. 

0.001 mg*g to about WOn^goftheacnvecompWo wg J toa L«20 

rf) be about 0.05 mg/kg to about 50 mgfcg, more prefer* 6™ »»°« 

mg/kg 

a»ro.ogicel disorders such as cerebri ^*??£L*. » J« perinatal hypoxia. 

ischenia - ^'^^"e bClev* to have the abUit, to 

^hypoglycemic neuronal damage. The Formula 1 ,cor»p Boon's Chorea, 

.nethods for treating the* disorders which comprises adrr-stenng to a parent ,n need 
effective amount of a compound of Formula L 

The Formula I compounds of the present invert (through their interactions a. the r»GIuRs)^ 
Z bdeved to have the W to treat a vanery of other neurological daorders 

delated »i«h glutamate including muscular spasm, 

316 ^ & ( ■ j rt *«i«.*«rp withdrawal and cessation (ie opiates, 

headaches, urinary incontinence, psychos, drug tolerance, wrifadn** an 
benzodiazepines, nicotine, cocaine, or ethanol), smoking cessation, nd r late d sord 

Tspardc Lck), emesi.brain edema, 
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deficit disorder, and tardive dyskinesia. Therefore, the present invention also provides methods for 
treating these disorders which comprise administering to a patient in need thereof an effects 
amount of the compound of Formula I. 

The Formula I compounds of the present invention (through their interactions at the mGluRs) are 
also believed to have the ability to treat a variety of psychiatric disorders, such as schizophrenia, 
anxiety and related disorders (e.g. panic attack), depression, bipolar disorders, psychos* and 
obsessive compulsive disorders. The present invention also provides methods for treating these 
disorders which comprises administering to a patient in need thereof an effective amount of a 
compound of Formula I. 

The pharmacological properties of the compounds of the invention can be illustrated by deterrrurung 
their effects in various functional in vitro assays. The compounds of the invention were stud.ed in 
an in vitro assay that measured the inhibition of H hydrolysis or the formation of cychc AMP m 
Chinese hamster ovary cell lines expressing rnGluR,. mGluR 2 and mGiufU, cloned metabotro P ,c 
glutamate receptors. 



Principle 

So far eight different clones of the G-protein-coupled mGiuRs have been identified (Knopfel et al , 
1995 J Med Chm., 38, 1417-1426). These receptors function to modulate the presynaptic release 
of L-Glutamate, and the postsynaptic sensitivity of the neuronal cell to L-Glutamat* excitafcon. 
Based on pharmacology, sequence homology and the signal transduction pathway that they actuate, 
the mGiuRs have been subclassified into three groups. The mGluR, and mGluR, receptors form 
group I. They are coupled to hydrolysis of phcsphatidyUnoshol (PI) and are selectively aefvated by 
(R5)-3,5-dihydroxyphenylglycine (Brabet et al., Neuropharmacology, 34, 895-905, .1995). Group 
H comprises mGluR, and mGluR3 receptors. They are negatively coupled to adenylate cyclase and 
are selectively activated by (^l^Z^^^^^icarboxycyclopropyOglycine (DCG-IV. Hayasb 
et al , Nature, 366, 687-690, 1993). Finally, the mGluR* mGluR* mGluR, and mGluR* receptors 
belong to group in. They are also negatively coupled to adenylate cyclase and are selectively 
activated by (5)-2-arnino-4-phosphonylbutvri C acid (L-AP4; Knopfel et al., 1995, J. Med. Chem , 
38, 1417-1426). 
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Cell Culture 

The Chinese hamster ovary cell lines expressing mGiuRi«, mGluRi and rnGJufe. receptors have been 
described previously (Aramori and Nakanishi, Neuron 8. 757-765; 1992; Tanabe et al., Neuron 8, 
169-179, 1992; Tanabe et al., J. Neurosci. 13, 1372-1378). They were maintained at 37°C in a 
humified 5% C0 3 incubator m Dulbeceo's ModiEed Eagle Medium (DMEM) containing a reduced 
concentration of (S)-glutamine (2mM) and were supplemented with 1% proline, penicillin (100 
U/ml), streptomycin <100 m^ml) and 10% dialyzed fetal calf serum (all GIBCO, Paisley). Two days 
before assay 1.8 x 10 fi cells were divided into the wells of 24 well plates. 



Second Messenger Assays 

PI hydrolysis was measured as described previously (Hayashi et al., Bn J. Pharmacol. 1 07, 539-543, 
1992; Hayashi et al., J. Neurosci. 14, 3370-3377, 1994). Briefly, the cells were labeled with 
[ 3 H]inositol (2 uCi/ml) 24 h prior to the assay. For agonist assays, the cells were incubated with 
ligand dissolved in phosphate-buffered saline (PBS)-LiCi for 20 min, and agonist activity was 
determined by measurement of the level of 3 H-labeled mono-, bis- and tris-inositol phosphates by 
ion-exchange chromatography. For antagonist assays, the cells were preincubated with the ligand 
dissolved in PBS-LiCl for 20 min prior to incubation with ligand and 10 uM (L)-Glutamic acid for 
20 min. The antagonist activity was then determined as the inhibitory effect of the (L)-Gtutarnic acid- 
mediated response. The assay of cyclic AMP formation was performed as described previously 
(Hayashi etal.Sr. J. Pharmacol. 107, 539-543, 1992; Hayashi etaLi Neurosci. 14, 3370-3377, 
1 994). Briefly, the cells were incubated for 1 0 min in PBS containing the ligand and 1 0 ]M forskolin 
and ImM 3-Isobutyl-l-methyxanthine (BMX; both Sigma, St. Louis, MO, USA). The agonist 
activity was then determined as the inhibitory effect of the forskolin-induced cyclic AMP formation. 
For antagonist assay, the cells were preincubated with ligand dissolved in PBS containing 1 mM 
IBMX for 20 min prior to a 10 min incubation in PBS containing the ligand, 20 u.M (mduRi) or 50 
uM (mCSiuR^ (L)-Glutamic acid, 10 uM Forskolin and I mM IBMX 

Results 

Some of the compounds of the invention were tested for antagonist activity against Chinese hamster 
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ovary cell lines expressing mGluRia. mGluRj and mGluR* cloned mOhiR. at a concentration of 
1 mM When tested as antagoniats of the increase in Pi hydrolysis evoked by 10 uM (L)-Glutarmc 
acid, some compounds of the invention effectively blocked this increase in PI hydrolysis by an acaon 
at the mGh*. receptor. The data for one of the compounds of the invention is shown m Figure 1 

below. 

According to another aspect, the present invention provides a method of modulating one or more 
nootropic glutamate receptor functions in a warm-blooded mammal which comprises 
adoring an effective amount of a compound of Formula I. or a non-toxic merabohcaUy-labue 
ester or amide thereof, or a pharmaceutical^ acceptable salt thereof. 

The compounds of the present invention are preferably formulated prior to administration. 
Therefore another aspect of the present invention is a pharmaceutical fbrmulat.cn compnsing a 
compound of Formula I and a pharmaceuticafty-acceptable carrier, diluent, or exaprent The preset 
pharmaceutical formulations are prepared by known procedures using well-known and readdy 
available ingredients. In making the compositions of the present invention, the act-ve mgreAent will 
usually be mixed with a carrier, or diluted by a carrier, or enclosed within a carrier, and may be in 
the form of a capsule, sachet paper, or other container. When the carrier serves as a diluent it may 
be a solid, semi-solid, or liquid material that acts as a vehicle, excipient or medium for the active 
ingredient 

The compounds of Formula I are usually administered in the form of pharmaceutical compositions. 
These compounds can be administered by a variety of routes including oral, rectal, transdermal 
subcutaneous, intravenous, intramuscular, and intranasal. These compounds are effective as both 
injectable and oral compositions. Such compositions are prepared in a manner well known m the 
pharmaceutical art and comprise at least one active compound. 

The present invention also provides phannaceutical compositions containing compounds as disclosed 
in the claims in combination with one or more pharmaceuticalhy acceptable, inert or physiologically 
active diluent or adjuvant. The compounds of the invention can be freeze-dried and, if desired, 
combined with other pharmaceutical^ acceptable exoipiems to prepare formulates for 
administration. These compositions may be presented in any form appropriate for the admiration 
route envisaged The parenteral and the intravenous route are the preferential routes for 
administration • 
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Compounds of the genera, Formula I may be — red or* J"-"** 
*Ln or spray or in ta* ™« —on. «—* ~ 

^* acceptable earners, ,4uvan,s and vehi*. The term ^ - — »«- 
Ldes subcutaneous injecrions, mtravenous, interna, rnjeefcon or rf^on 

J Formula I and a phanrac.uoca.ly acceptable carrier. One or more compou ds of ^ 
0 ™l. . may be present in assoeiaUor, «Hh on. - more non-toxic 

c^osltionscomam^com^^ 

ejple. a. tabl«s, troches, lounge. a«ueous or oily suspense d,sp«rsible powders or granules, 
emulsions, hard or soft capsules, or syrups or elixirs. 

Compositions rntended for oral use may bo prepared according ,o an, to*n to te « 
^Lure of phases! compoanon, * suck compesmons ma, cottam one or „ ageo* 
L«d from the jroup consist of s^ering agent* flavouring agents, colounr* agents and 
^g^rorder,opro»d.p!»nna=«utic.Oyel.gan.and palatable prepays W 

„ suhable for ft. rnaarmctur. of ^ Tb- ma, be for example, ■« <*»« ■ 

. caicium carbonate, sodium carbonate, ktfr. calcium phosphate or scdrom phosphate 
granular and discing agems for example, con. starch, or al^c «*■ bmdmg .genMo 
Lxnpl. surd, gelatin or acacia, and lubricating agents, for example r^roeaum stearate ste^c 
acid or talc. The table* may be uncoated or they may be coated by known ,echn,,ue» to delay 
aia^^o. and absorption m the ^rointestol tract and thereby provuia a sustt-d acfon ov« 
a longer period. For exanple. a rime delay material such as glyceryl mo.os.ear.te or glyceryl 
distearate may be employed 

Formations fo: oral use may also be presented as hard gelatin capsules wherein the active 
ingredient is mixed with an inert solid diluent, for example, calcium carbonate, calcmm phosphat 
or kaolin, or as soft gelatin capsules wherein the active ingredient is mixed with water <mI 
medium, for example peanut oil, liquid paraffin or olive oil. 

Aqueous suspensions contain active materials in admixture with extents suitable for the 
manufacture of aqueous suspensions Such excipients are suspending agents, for ecmpk sod.um 
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^oxylmethylceUuIose, methyl csUulose, hydropropyimethylcelhdcse sodium al^e 
carDoxyiraeuiyi^umu j dispersing or wetting agents may be a 

^y^cun^g 1*^* „ amtma6oa presets of emyiene «* 

p-hydroxy ben*>et«, one or mors colouring ago"*, one or more flavour** g 
sweetentaB agents, such as sucrose or saccharin. 

Oiiy sun,— may be fbnr.ul.ted by suspending the active ingredients in a vegetable *te 

The oily suspensions m y coiMin UWofcening agent, &r ex™pl« b" 5 ™*- ^ ' 

JL such as those set for* above and flavour* £££££ ^ 
provide potable oral preparations. These compositions may be preserved by the add«n of. 

oxidant such as ascortric acid. 

!11 Jone or more preservatives. Suitable dispersing or »etung ageras and suspending agems 

TJZIZol -readV «*- «*~ * — " "~ 

flavouring and colouring agents, may also be present. 

P „a™c=u«»mpo^^ 

oa Phase ma, be a vegetable oil, for example olive oil or peanut on. or a rntnerrt on, for e«mpl. 

uTpZ or JL of these. MM* emulsifying agen, may 
TexLle gum aoaci. or gum tragacanth, naruraUv-occumng phosphaudes, tor —pb W *•* 
ST! « or palters derived from ft» «■* - «-** 7* 
^talnooleat^ L condensation products of me said partia, esters 1ft ethane ox,d«, for 

^pTe^y.^ «~*» The *° " SWettM "" 8 

flavouring agenxs 
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Syrups and elixirs may be formulated with sweetening agents, for example glycerol, propylene 
glycol, sorbitol or sucrose. Such formulations may also contain a demulcent, a preservative and 
flavouring and colouring agents. The pharmaceutical compositions may be in the form of a stenle 
injectable aqueous or oleaginous suspension. This suspension may be formulated according to 
known art using those suitable dispersing or wetting agents and suspending agents that Have been 
mentioned above. The sterile injectable preparation may also be a sterile injectable solution or a 
suspension in a non-toxic parentally acceptable diluent or solvent, for example as a solution in 1,3- 
butanediol. Among the acceptable vehicles and solvents that may be employed are water, Ringer's 
solution and isotonic sodium chloride solution. In addition, sterile, fixed oils are convenuonally 
employed as a solvent or suspending medium. For this purpose any bland fixed oil may be employed 
including synthetic mono- or diglycerides. In addition, fatty acids such as oleic acid find use in the 
preparalion of injectables, 

The compounds) of the general Formula I may be administered, together or separately, in the form 
of suppositories for rectal administration of the drug. These compositions can be prepared by mixing 
the drug with a suitable non-irritating excipient which is solid at ordinary temperatures but liquid at 
the rectal temperature and will therefore melt in the rectum to release the drug. Such materials are 
cocoa butter and polyethylene glycols. 

Compounds) of general Formula I may be adtrdnistered, together or separately, parenteral in 
sterile medium. The drug, depending on the vehicle and concentration used, can either be suspended 
or dissolved in the vehicle. Advantageously, adjuvants such as local anaesthetics, preservatives and 
buffering agents can be dissolved in the vehicle. 

The dosage to be administered is not subject to defined .limits, but it will usually be an effective 
amount. It will usually be the equivalent, on a molar basis of the pharmacologically active free form 
produced from a dosage formulation upon the metabolic release of the active free drug to achieve 
its desired pharmacological and physiological effects. The compositions are preferably formulated 
in aunit dosage form, each dosage containing from about 0.05 to about 100 mg, more usually about 
1.0 to about 30 mg, of the active ingredient. The term "unit dosage form" refers to physically 
discrete units suitable as unitary dosages for human subjects and other mammals, each unit 
containing a predeterrnined quantity of active material calculated to produce the desired therapeutic 
effect, in association with a suitable pharmaceutical excipient 
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The active compound Is effective over a wide dosage range. For examples, dosages per day normally 
fali within the range of about 0.01 to about 30 mg/kg of body weight. A typical daily dose will 
contain from about 0.01 mg/kg to about 100 mg/kg of the active compound of this invention. 
Preferably, daily doses will be about 0,05 mg/kg to about 50 mg/kg, more preferably from about 0.1 
mg/kg to about 25 mg/kg. In the treatment of adult humans, the range of about 0. 1 to about 1 5 
mg/kg/day, in single or divided dose, is especially preferred. However, it will be understood that 
the amount of the compound actually administered will be determined by a physician, in the light of 
the relevant circumstances, including the condition to be treated, the chosen route of administration, 
the actual compound administered, the age, weight, aad response of the individual patient, and the 
severity of the patient's symptoms, and therdfore the above dosage ranges are not intended to limit 
the scope of the invention in any way. In some instances dosage levels below the lower limit of the 
aforesaid range may be more than adequate, while in other cases still larger doses may be employed 
without causing any harmful side effect, provided that such larger doses are first divided into several 
smaller doses for administration throughout the day. 

The compositions are preferably formulated in a unit dosage form, each dosage containing from 
about 5 mg to about 500 mg, more preferably about 25 mg to about 300 mg of the active ingredient 
The term H unh dosage form" refer? to a physically discrete unit suitable as unitary dosages for human 
subjects and other mammals, each unit containing a predetermined quantity of active material 
calculated to produce the desired therapeutic effect, in association with a suitable pharmaceutical 
carrier, diluent, or excipient The following formulation examples are illustrative only and are not 
intended to limit the scope of the invention in any way 
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Formulation 1 

Hard gelatin capsule are prepared using the Mowing ingredient: 

Quantity (mg/capsule) 

250 

Active Ingredient 200 
Starch, dried 10 
Magnesium stearate 460 

Total 

• J -i gh^ intn hard celatin capsules in 460 mg quantities 
The above ingredients are mixed and filled into hard geiatm p 



Formulation 2 
A tablet is prepared using the ingredients below: ^ 



Quantity (nig/tablet) 



250 

Active Ingredient 4Q0 
Cellulose, microcrystalline J0 
Silicon dioxide, fumed 5 
Stearic acid 66 5 
Total 



s blended and compressed to form tablets each weighing 665 mg. 



The components are l 



An 



aerosol solution is prepared contaming the following components: 
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Weight % 

0.25 

Active Ingredient 29 75 

Ethanol 7000 
Propellant 22 (CWorodifluoromethane) 



100 



Total 



low to -30 £ and «M » • ** **» " mouB 16 "T " 1° £ d ?„ 

cooled to -ju v.wiu r tll ..««ii ) ,iii The valve units are then fitted to 

steel container and diluted with the remamder of the propellant. The 



the container. 



Formulation 4 

Tablets each containing 60 mg of active ingredient are made as follows: 



Quantity (mg/tablet) 

60 



Active Ingredient 

Starch „c 
Macrocrystalline cellulose 

Polyvinylpyrrolidone g 
Sodium carboxymethyl starch ' 
Magnesium stearate ^ 
Talc 15Q 
Total 



Ion*,. «**• of P**tf»™W«. to rt* ^0 .he resulra* prtn « «*- 
pa SS =d*ou 8 h.N0.14 m «hU.S *w Tl.^»h.Vi«*«-«*-« WC " i '- d 
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, Urt l8mflshU S sieve The sodium caAoxyrnethyl ^h, magues^ stearate, and talc, 
through aNo. 18 mesh U.S. seve . The ^ ^ ^ ^ 

oreviously passed through a No. 60 mesh U.S. sieve, are 



formulation 5 

Capsules each containing 80 mg meAcament are made as Mow.: 

Quantity (mg/tapsule) 

80 

Active Ingredient ^ 

Starch 59 
Macrocrystalline cellulose „ 

Magnesium stearate - ^qq 

Total 

No. 45 sieve. a»d Med into tod gelatin capsules in 200 mg ^ 



Formulation 6 

■ ■ -w; «,<r ^arrive ingredient may be made as follows: 
Suppositories each containing 225 mg ot active lngrew 

Quantity (mg/suppository) 

Z2S 

Active Ingredient 20Q0 
Saturated fatty acid glycerides ^ 
Total 

T* i^.* , *«* a No 60 m esh U i sieve M d «*-^ 7^ 
toy acd slypes previously melted using the tninir™ <» The m^te *e„ 

poured into a support, mold of nonM 2 g cpacity and allowed to cool 
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Formulaticn 7 



S^ensions each cont^n, 50 W » * *- " "* " ^ 



Active Ingredient 
Sodium carboxylmethyl cellulose 

Syrup 

Benzoic acid solution 
Flavour 
Color 

Purified water to total 

, +l . ft No 45 me5h U S. sieve and mixed with the sodium 
The medicament U p-ed tl*ougn a The b ^ic acid ^flavor and 

c^ethyl cellulose and to fe. a Suffident water to then added 

color are diluted with some of the water and added, wrth stirring, 
to produce the required volume. 



50 mg 
50 mg 
1.25 mL 
O.lOmL 
q.v. 
q.v. 
5 mL 



Formulation 8 



An intravenous 



formulation may be prepared as follows: 



Quantity 



Active Ingredient 
Mannitol 

5 N Sodium hydroxide 
Purified water to total 



Formulation 9 



100 mg 
100 mg 
200 mL 
5 mL 



A topical formulation may be prepared as follows- 
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Quantity 

1-10 g 
30 g 
20 g 

Liquid Paraffin ^ 
White soft paraffin to 

The white soft paraffin b heated until molten. The liquid paraffin and emuLfying wax are 
incorporated and stirred until delved. The active mgredient is added and surnng • connnued 
until dispersed. The mixture is then cooled until solid. 



Active Ingredient 
Emulsifying Wax 



Formulation 10 

Sublingual or buccal tablets, each containing 10 mg of active ingredient, may be prepared as 
follows; 

Quantity (mg/tablet) 



Active Ingredient 



10.0 
210.5 

Glycerol 143,0 
Water 

Sodium Citrate 
Polyvinyl Alcohol 
Polyvinylpyrrolidone 
Total 



4.5 
26 5 

15.5 
4100 



The glycerol water, sodium citrate, polyvinyl alcohol, and poryvinylpynoUdone are adrmxed 
together by continuous stirring and maintaining the temperature at about 90 °C. When the 
polymers have gone into solution, the solution i, cooled to about 50°-55 «C and the medicament 
b slowly admixed. The homogenous mixture is poured into forms made of an inert material to 
produce a drug-containing diffusion matrix having a thickness of about 2-4 .mm. Th.s d.ffus-on 
matrix is then cut to form individual tablets having the appropriate size 
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Another preferred formulation employed in the methods of the present mvettm employs 
transdermal delivery devices ("patches"). Such transdermal patches may be used to prov.de 
continuous or discontinuous infusion of the compound, of the present inventton in controlled 
amounts. 

The construction and use of transdermal patches for the delivery of pharm^euricai agent* is well 

r ,„ t,c Pat No 5 023 252 issued Jun. 11, 1991) herein 

known in the art (see, for example, U.S. Pat No. a.uo,^. . 

incorporated by reference. Such patches may be constructed for contmuous, pulsatile, or on 
demand delivery of pharmaceutical agents. 

Frequently, it will be desirable or necessary to introduce the pharmaceutical composition to the 
brain, either directly or indirectly. Direct techniques usually involve placement of a drug debvery 
catheter into the host's ventricular system to bypass the blood-b^n barrier. One such .mplar.ab e 
delivery system, u^d for the transport of biological factors to specific anatonucal regtons of the 
body, ,s described in U.S. Pat. No. 5,01 1,472, issued Apr. 30, 1991, which is herem mcorporated 
by reference. 

Indirect techniques, which are generally preferred, usually involve formulating the composes to 
provide for drug herniation by the conversion of hydropMic drugs into lipid-soluble drugs or 
prodrugs. Initiation is generally achieved through blocking of Ae hydroxy, carbonyl sulfate and 
prinwy amine groups present on the drug to render the drug more lipid soluble and amenable to 
transportation across the blood-brain barrier. Alternatively, the delivery of hydropbhc drugs may 
be enhanced by intra-arterial hriiiUm of hypertonic solutions that can transiently open the 
blood-brain barrier. 

EXAMPLES 

The following Example* illustrate the invention. The following abbreviations are used in the 
Examples: EtOAc, ethyl acetate; THJF, tetrahydroforan; EtOH, etbanol; TLC. thin layer 
chromatography: GC, gas chromatography, HPLC. high pressure liquid chromatography; m-CPBA, 
rn-chloroperbenzoic acid. EtA Methyl ether. DMSO, dimethyl sulfoxide; DBU, 1.8-diazabicydo- 
[5,4.0]undec-7-cne. MTBE, methyl /-bury! ether. FDMS, field desorption mass spectrometry and 
r t , room temperature. 
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Example 1 : Synthesis of Cubanylglycinates IGT 1.0 series 



c 

If 



"^^r j^yx 




Preparation!: 4-rnethoxyearbon.ylcubane carboxylic acid 

A of cubane dimethyl ester (6.0* 27.24 mmol) in 1 62 mL of dry THF 

« room temperature. A solution of methanol NaOH (26.7 mmol, 10.7 mL 2.5 M) is added 
dropwise from' a pressure equalized addition funnel and the resulting solut.cn amri at room 
temperature** 16h. The mixture is evaporated under reduced pressure at r.t. the resrdue ts taken 
up L 66 mL Of water and extracted with 3 x 25 mL of C hloroform. The aqueous layer u acdified 
to pH 3 with concentrated HC1 and extracted with 3 x 30 mL of chloroform. The combined organic 
layers were dried over magnesium sulphate, filtered and evaporated to S >ve (2) 182-183 -C: H 
NMR (CDClj) 8 3 .72 (a, 3H), 4.27 (m, 6H). 
Yield 5 1 g (91%). 

Preparation 2: 4-methoxycarbonyl-l-(hydroxymethyl) cubane 

-The mono acid (2) (0 48 g) is dissolved in dry THF (5 mL) and cooled.to -70 °C A solution of 
BH, in THF is added slowly with stirring. The reaction mixture is stirred at -78 °C for 4 hrs and 
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4to«d to come w mom temperas. W«r (3 ml> U •*« ■* »** (or 30 nfin. ***** 
•to* (0.65 0 h added ml d» •**> «• •**" " ""T, 

4-»Kl*o)^J'l!IlltlraIy!-l■(fwyl> e » ,1 « ,1^ ' 

u . ^ ttil y -M^tifl* fn 42 mL. 4,84 fftmol) in 12 flflL Of CJiaCla 
DMW(0-7ml- 9 ^^» is, ^ m '^ ,ylcW ^ , „ 

, (7o*M p. {«» (4). 'H NMR (200 Hh * » <»• «■ " ♦* » « l 

3H),S.7Zls.lH>. 

(B-ohcytodnol <»-»•« — » «■-**"• "**• rf ^ "I "! 

KB pncnywijcm™ » • m n -C sod TMSCN (0.49 nil, 3.68 irraol) 

pnrf* » * NMR (0)0.) 6: 123 fe. 3H>. M (to >»• »*» * » 3 ' 7 fe » 3 '' <"'' 
3H). 4.11 (dd. 1H). -U (>". 311). M (ft 5M). 

reparation 5: *«Btioxy-l-clllMliylglyi!lw 

tab* 1M .«*> W» """-I «"* « HC 130 mu or (6) 
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Example 2 



C0 3 Me 



MeO s C 



MeO z C 



We0 3 C, 



C0 2 H 



COO 



HOjC, 



Me0 2 C v 




Preparation J: 4-methoxycarbonylcubane cartoxylic acid 

«d ev^r** « *. W 1W» ^: 'HNMR (CD<*> « 3.72 (s, 3H). 4.27 <* <*). 
Yield 5.1 g (91%)- 

Preparation 2: 4-m.thoxyearbonylcubime.l-caAonyI chloride 

xh. ~ eo a " * ° es «o u h is - .of *-y> 

Mobbing (3) wi» used immediately without tether punficeuon. 
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Preparation*. 4-m«hoxyorbonylt«ibM>o-l-ir«tliyl ketone 

^£ of 1 .« g. 7. .2 mmo, of (3) i. 10 dry TW is added and the «*- 

ained for . h. a, -7TC The fixture »as quenched whh sah^ted — m chJo.de 
X^l) and — * 3 x 30 1 of diethyl — ■ tl- — 

dri* over magnesium sulphae, «• ^™ <ed tt «"» crude (4). The puduct 
I putfed hy «. chromatography 0— * » » ^ 1 •« 
(yield 69%). m.p. 87-89'C. 'HNMR (CDCb) 6 2.17 (s, 3H), 3.7 (, 3H). 4.21 (n, 6H). 

/Veparota. * 4-n^hoxyc a Aonylcub 1 ne-I-n«ftyl-l-(5.5'-l>yd a ntoin) 

A station of the methyl ketone (4) < 1 .0 g. 4.9 mmol) k 40 mL of ethanol and 5 8 mL of 1 N 
NsOh! is stirred at 70°C for 4 h. The resulting solution is evaporated to dryness under 
ZtreandreoUsolvedm, , ertano.: water (20 mL). To this sotaon . added po.ass.un, 
£SL (0.3 5 g. 5.4 mmol) and ammoraum carbonate (0.96 g, 9.8 - 
heated u, a sealed tub. a. 85-C for 24 h. The reaction is cooled, 6 * KC ' "* 

reduced in votum. until a precipitate forms. The precipita* is fihered and the flhrat. . 
evaporated to dryness and exacted with ethyl acetate. The solvent . * 
product combined with the residue from above to give (5) as a white so.,d. VW MS g (7 /. 
Lp.244-248X. NM*'H(DMSO)6 1.18 (,. 3H)3.9 (m, 3H), 4.0(m. 3H), 8 1 (,, 1H), 10.6 

(S.1H). 

Preparation 5: 4-carboxya)bane-l-methylglycine 
Tnehydantoin( 5 )^ 

in a s^d tube for 20 h. The reaction is cooled and filtered to remove predate and the filter 
cake wished with 3 x 10 mL of water. The combined aqueous washings are evaporated to *ve 
crud e (6) which is appUed to Spectrum 1X4 ardor, exchange resin, eluted with 0 5 N acetic aod. 
Isolation by evaporation and crystallization gives (6) as colorless crystals, m.p. >250 C 
(decomp ) NMR. 'H (D 2 0) 8 1 38 (a. 3H). 3 95 (s, 6H) 
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MeO,C 



MeO,C, 



7^ 

2 0 



COJEt 




3 0 " COJEt 




Prtpcpation 1: 4-Tnethoxycarbonylcubane-l-^l ethylcartoxylate. 

, butyl lithium C« -I. ,3, »L ^^^^^^ 
hvdrosenmaloMte (2.32 g, 17.41 mmol}m SO mLofdiyTHF under »^ 

^Ld to -30-C over M H and to re-cooled to -78'C. The a«d cMor.de of oAane 
was warmed to ju i, 7 mL of THF is added 

monomethyteaer from example (2) above (2:>5 g, iu.io ram j 

Lpwisetothe sdrredsoMon. The r^r. is warmed **« r,»d «^*»»"*' 1 

B, e conrbuted orsaric exacts are further ertraeted with 20 *L of saturated ,od,um hydrogen 

The product * punned by aoU-n, demography on silica »» h»r ethyl .0««e J. Ho 
yield2 5g(86%)of( 2 ). 'HNMR (CDCW 6 1.2COH) 3.4 (s. 2H). 3.65 (, 3H), 4.2 (m. HQ. 
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Preparation 2: 4-methoxycarbonylcubane-l-(thioxanthyl)-sicetyl ethylcarboxylate. 

cubane^-ketoester (2) (1.15g, 4.16 mmol) and thioxanthenc-9-ol (0.88& 4.1 mmol) are 
dissolved in 18 mL of a J :1 mixture of cthanol: acetic acid and stirred at r.t. for 3 days. The 
resulting crystalline solid was filtered off to yield 1.52 g (77%) of pure (3) m.p. 147-149'C. l H 
NMR (CDCW 100 (OH), 3.24 (s, 3H), 3.75 (m, 3H), 3.9 (q, 2H), 4.0 (m, 3H, 4.6 (d, 
lH),5.0(d, 1H), 7.3 (m, 8H). 

Preparation 3- 4-carboxycubane-l-methyUhioxanthylketone 

The thioxanthylcubane adduct (3) (1.69 g, 3.57 mmol) is dissolved in ethanol 33 mL and 8.7 mL 
of 1 N NaOH and heated at 70°C for 4 h. The resulting solution is evaporated and redissolved 
in 25 mL of water, acidified with 6 N HC1 and extracted with 3 x 50 mL of diethyl ether. The 
combined organic layers are dried over magnesium sulphate, filtered and concentrated to give a 
crude product containing (4). Chromatography on silica using ethyl acetate gives 1.26 g (88%) 
of (4) 

'H NMR (CDC1 3 ) 8 2.8 (d, 2H), 3.8 (m, 3H), 4.0 (m, 3H), 4.7 (t, 1H). 7 3 (m, 8H), 9.5 (br, 
1H). 

Preparation 4\ 4-carboxycubane- 1 -thioxanthyl- 1 -(5,5 -hydantoin) 

The thioxanthyl cubane ketone (4) (1-24 g, 3.22 mrnol) is dissolved in I I ethanol:water (20 
mL). Potassium cyanide (0.522 g, 8.0 mmol) and ammonium carbonate (1.39 g, 14.4 mmol) are 
added and the solution heated in a sealed tube at 85°C for 65 h The reaction is cooled and 
acidified with 2 N HCl and extracted with 3 x 40 mL of ethyl acetate. The organic layers are 
combined, dried over magnesium sulphate, filtered and evaporated to give (5) 1.3 g (88%) as a 
crude product. This material was hydrolyzed in the next step without purification. 
! HNMR (CD 3 OD) 5 1.7 (m, 1H). 2.7 (ra 1H), 3.8 (m, 3H), 4.C (m, 3H), 4.3 (m, 1H), 7.4 
(m,8H).'- 

Preparation 5: 4-carboxycubane- 1- thioxanthyl Iglycine 
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The hydantoin adduct (5) (300 n» 0.65 romo.) is taken up ,n 1 N NaOH (10 mX) and heat* at 
170 -C for 20 h m a sealed tube. The mixture is cooled and the pH adjusted with 6 NHCl to 
between 7 and 8. The precipitate fonned is filtered and washed with water. Thecombmed 
Sltrate and washings are combined and evaporated to dryness. The resulting residue » punfied 
by colon chromatography and finaUy by reverse phase chromatography to yeld (6) as 
colorless crystal, 70 n* 'H NMR (CDaOD + D^ 2.3 (nv 2H), 3.9 (, 4 4(m, 1H), 
7.4 (m. 8H) 
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W» claim: 

1 . A compound of the formula: 

<0 




wherein; 

Rl can be an acidic group selected from the group consisting of carboxyl, 
phosphor*., phwpbJno, sulfono, sulfino, borono, teirazol. Uoxazol. -CHrcarboxyL - 
CHz-phosphono. -Clfe-pfanspbino. -CHz-sulFono, -CH a -SuLfino, -Ofa-bosono, -Cllg- 
fctrazol, and -CTU-iao*a*ol; 

R2 can be a basic group selected Trom Ihc group consiatfug o f 1* amino. 2° iimixio, 3" 
amino, materwuy ammonium salts, aliphatic l" amino, aliphatic 2* amino, aliphatic 
3* amino, aliphatic quaternary ammonium sail*, aromatic l u amino, aromatic 2** 
amino, aromatic 3° amino, aromalte quaternary ammonium salts. m66*x>l. 
guankilno, boronoaroino, allyl, urea, ihiourca. 

R3 can be H. aliphatic, aromatic or hoientcycLii;; 

iU can be an acidic group selected Tram Oil- grasp consisting of carfcoxyl, 
phosphor*. phoRpWno, sulfonn, sulfinu, bcm>no, teirazol. iso*azul; and 
pfcarmaccirticadly acceptable salts (hereof. 

2. A compound as claimed In claim 1 , wherein fci w COOW. 

3. A compo'iind M claimed in eUiitn 1. wherein R2 is NH a . 

4. A compound as claimed in claim L wherein R3 can be -H. or -Ms: or xanihyt of 
thioicanthyl uf -CKrxanth]H. or CHrthioxanthyiirad W in -COOH. 
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A process for die preparation of a compound of Formula I, or a phannaccutically 
acceptable melaholically-Labil* ester or amida Ihcrscvr, or a phannaceuticaEly 
accoptahle salt (hereof, which comprises: 
(a) hydrolyzi a compound of formula: 




wherein; B'l is an acidic {jroup selected fmm the group consisting of 
carboxyl pbosphona phoaphroa. sultana aulflno. borano, tetraaol, isoxasol 
-CHfe-cattooxyl, -CHrphiaaphono, -CH 2 -phcsphino, -CHz-sulfbno, ~CH a . 
Suifina, -CHi-borono, -OMrtiwwL ~CH 2 -iaox*2nl andJit#w aralogutf 
lhjsruof T or a protected form teenr J*3 can be E aliphatic, wwnaiic <ir 
heterocyclic and RSrcprcseats u hydrogen atom or on acyl graip> and 
wherein preferred values forRS are hydrogen and (2-6C) alkanoyl grovps, 
fiiiCh as acatyi; o* 
(b) deprcwsuting and hydjoly^ing a compound of formula (U b) 

R1 




wtaarein: BTt and »3 are as defined above; or 
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(c) 



tydroJyring a compound of toimula: 
RJ1 



P 



(in> 



defined above; or 

depmtceiing a compound of furmuSa: 




(IV) 

co^a 

NHR9 

group. R» and R3 are as defined above: 
whereafter, if necessary and/or desired; 

(y resolving the compound of Formula I; 
0i) convert*,, tha compound of *»* I ttfr a no*-*** 
melaboiically-labite eater or amide lh**crf; and/or 

fc* e,Jor .Me ft** into tt p~tic.. y acc^l* «* 
thereof, 
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6 . A pharmaceutical formula whicKoomprises acompound o* claimed mcUin. I 
mi a pharmaceutfcaUy aeecpiabte carrier, diluent ur wdpiem. 

gluumato tcaplor functions in»wm blooded mammal, therein said vse 
campruK* administering an elective amount of a compound of fen»fe 0) « 
claimed In claim 1. 

g, A compound of furmeila: 

(Ua) 



^3 




wherw: K l,R3 andR5 have the meanings as defined in claim S. 
9. A compound of formula: 



am 



whewin: R't, R3 ( R6 and R7 have meanings as defined in cUln. 5. 
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10. A cnmpnundnF formula: 

V1 

(TV) 

NHR9 

wherein: R'l. M and R9 have meaning* as defined in claim 5. 

1 1, A compos according to claim 1, wherein Rl * -COOH. 112 h -Mfc 85 is H and 
14 is COOH. 

12. A compoundaccarding toclair* 1. vicrck Rl b -COO* )U is -NWa, R3 is CH 3 
and E4 is COOH. 

tfuoxfttilhy atid R4 ifl COOH. 

K Au^ofthocrm^undaccordinfitoDlairnl tothcm^irnetaol-a^rotogicMl 

disc** cTdfeorder^lecicdfrom ih. group coding: cerebral dtficlb subsequent 
» crdiac bypass aurgcry and grafting, cerebral ischemia , unto cardiac attest, 
spinal cord trauma, head uauma, peristal hypoxia. W «3 hypoglycemic mnri 
damage, AJafaimt* diam Huntington'* Qwroa, amyotrophic lateral *^ 
AIDS-bHiuced damsnlia, ocular retinopathy, ccgnidvc disorder*, idiopathic 

and drujjHndotoed Parkinson's disease, m*a**ntm, convtilsiops. mig»i™ 
hood*** urinary fauan.tir.once, pqcbj*. drug tolerance, withdrawal, and 
ccsauron <i.e. opiate,, ber^uuepino*. nicoiir*. cocai.fi. or «hanol), smoking 
ca«*ion, anxialy androia^HUorder*^. pnfc attack), emosis, bramedem*. 
chronic pain, ^ *».*». Tou^ syndrome, attention deficit d*ordo, and 

a compound of formula &). 
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15, A use of the compound according lq claim I for the treatment of a psychiatric . 
disease or disorder selected from the gmup comprising: jfchteupbrcma, anxtely and 
related disorder* (eg, panic attack), depression bipolar diaondcrf;, psychosis and 
obsessive compulsive disorders, wherein said u*Q comprises adminUteriftg art 
effective arnmwl of a compound of formate <D. 

1 6, The use according to any one of claims 7, 14 or t5 wherein stid compound is 
sdfcctcd from the group of compounds comprising: 



HO a C 




CO g H 
,; 'H 



HO,C 



H0 9 C 



HO,C 




17. A use of the compound; 




for th* troairn^t of cerebral ischemia, stroke a*d car dine amal, wherein said use 
ootnprfoes adntinistc/iAg an effective amount <if thfc safd compound, 

/aTl<<( 



Amended claims 



~ " 13. OKT. 2000 16:46 — 
20-07-2000 / 



EPA MUENCHEN +49 89 23994465 



NR. 541 l v 00 S. 51/52 



« i » 



18. A compound at fonnula; 

R'1 




^ horei n- R i and H3 have the moaning ** m dD ' Lfll 5 ' 
,9, A con^undaccorrflng to claim 18, iMfe *1 U -COOMfi. S3 ia H. 



20. A compound according lu 



d*n 9, wbMftc R'J -COOR B3 is CH 3 , - R7 * 



21. A compound acting u> claim 9. R'1 U-COOH. R3 « -CHr 

ihtoxanihyl, JW*R7isH. 
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Figure 1 



Thft Action* of a Compound of th* Invention as an A ruagonist of PI Hydrolysis 
evoked through tlie xnGUxK 1 tctcptor by 10 uM (L}-GIu 
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GLYCINE DERIVATIVES 



10 



The present invention relates to glycine deriva- 
tives with affinity to metabotropic glutamate receptors. 

Metabotropic glutanate receptors (mGluR) are a 
family of proteins present in neurons and in the alia, 
which can interact with glutamate and bring about sig- 
nificant modifications in neurotransmission by interac- 
tion with protein G and the resulting regulation of the 
neosynthesis of second messengers or the modulation of 
ion channels both at the presynaptic and postsynaptic 
levels. Recent molecular biology studies have identified 
at least eight cDNAs which likewise code for mGluR 
subtypes. In general, on the basis of structural anal- 
ogies, the effector used and pharmacological properties, 
15 it is possible to divide the eight mGluRs into three 
groups : 

1st group: comprises mGluRl and mGluRS which are 

capable of stimulating phospholipase C 
and the inositol cycle . These receptors 
20 are stimulated by the antagonists in the 

following order of power: QUTS> IS, 3R- 
ACPD>L-CCGl>>>>Ii-AP4 . 
2nd group: comprises mGluR2 and mGluR3 which are 

capable of inhibiting the formation of 
25 cAMP induced by forskolin. The order of 

power of the agonists is as follows: 
L-CCG1>1S, 3R-ACPD>QUIS>>>>>Ij-AP4 . 
3rd group: comprises mGluR4, mGluR6 , mGluR7 and 

mGluR8 which are also capable of inhibit- 
ing the formation of cAMP, but in the 
following order of power : L-AP4>> IS, 3R- 
ACPD> > > >L-CCG1 - 
The various mGluRs are differentially distributed 
in the CNS and several subtypes may coexist in the same 
area and also in the same neuron. The final effect their 
activation has depends on the types of receptor present 
and may therefore be either an inhibitory effect or an 



30 



35 



BNSDOCID: <WO 9719049A1> 



WO 97/19049 -^—r 

- 2 - PCT/EP96/05079 

excitatory effect. For example, in the cerebellum, the 
stimulation of mGluRl leads to activation of the calcium- 
dependent potassium channels and therefore to inhibition, 
whereas, in the hippocampus, activation of mGluR 
5 receptors can increase the neuronal excitability by 
inhibiting the voltage-operated potassium channels. Then 
there are mGluRs which are localized to the presynaptic 
level and are capable of regulating the release of the 
transmitter by means of particularly interesting mechan- 
10 isms. Thus, the stimulation of mGluR4 or mGluR7 can 
reduce the influx of Ca J ' into the nerve endings, thereby 
directly inhibiting the voltage -dependent channels and 
reducing the synaptic release of transmitter. A similar 
result can be obtained by stimulating the mGluR2 or 
15 mGluR3 receptors, which inhibit the formation of cAMP and 
in some way reducing the effects of depolarization on the 
release of the transmitter, in contrast, the stimulation 
of other mGluR subtypes (mGluRl and possibly also mGluRS) 
amplifies the depolarization-release of transmitter 
20 combination, especially in the presence of free fatty 
acids . 

in light of the above, regulation of the func- 
tioning of mGluR-controlled neuronal circuits in the 
hippocampus becomes particularly advantageous. Stimula- 
tion of the mGluR4 and mGluR7 receptors reduces trans- 
mission at the glutamatergic synapses level, whereas 
stimulation of mGluRS can increase the excitability of 
the circuit, possibly also because it amplifies 
responses of ionotropic type. The consequences of a 
reduction in transmission and an increase in excitability 
are that low- intensity stimuli are blocked, while strong 
stimuli, capable of overcoming the presynaptic inhibi- 
tion, are amplified. In this way, the strategic location 
of the mGluRs leads to the formation of filtering systems 
capable of increasing the signal /noise ratio of the 
stimuli which converge on this neuronal circuit. Such 
systems, in which other types of mGluR also come into 
Play, appear to operate both at the level of phenomena 
associated with learning and in regulating various 
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sensory signals (for example in the olfactory pathways) . 
In the basal nuclei, the stimulation of mGluR2 and mGluR3 
leads to a considerable reduction in the synaptic release 
of excitatory transmitter and may affect certain psychic 
5 and motor functions. Thus, the pharmacology of xnGluRs 
appears to promise wide fields of therapeutic application 
since mGluRs appear to have an important role in the 
processes of neuroprotection and neurodegenerat ion , in 
controlling movement, and in the normal functioning of 

10 dopaminergic systems, in the onset of epileptic attacks, 
in the processes of central integration of pain, pres- 
sure, visual and sensory stimuli, and in learning. The 
fact that stimulation of the mGluR receptors can bring 
about an increase in the sensitivity of the ionotropic 

15 receptors for the same transmitter makes these receptors 
an ideal target for modifying synaptic excitatory func- 
tioning . 

WO 93/08158 (Suntory Ltd.; 29.4.1993) describes 
enantiomers of 2- <2, 3 -dicarboxycyclopropyl) glycine as 
2 0 NMDA- receptor agonists and their therapeutic use as 
anaesthetics, analgesics and antispastic agents. 

It has now been found that cyclopropylglycine 
derivatives are endowed with affinity to metabotropic 
glutamate receptors . 
2 5 The compounds of the invention have the general 

formula (I) below 



R 




(I) 
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in which 

R is hydrogen, halogen selected from chlorine, 
bromine, fluorine or iodine, hydroxy, C^-C^alkyl, 
(^-C.alkoxy, C x -C 4 haloalkyl, C.-C.haloalkoxy, cyano, 
5 nitro, -COO^ (R x being as defined below) , -cONR 3 R 4 

<R 3 and R 4 independently being hydrogen or 
C^-C.alkyl), -PO(OR 1 ) 2 (R, being as defined below), 
-SOjRi (Rj being as defined below) or -NH-CO-R 5 (R s 
being C^-C^alkyl or phenyl), 
R t and R 2 , independently, are hydrogen, C^-C.alkyl or 
benzyl , and 

X is =CH-, =N- or =N*- 

The compounds of formula (I) have four asymmetric 
centres, which give rise to 16 enantiomers . 

The invention comprises the individual enantio- 
meric forms as well as their racemic or diastereoisomeric 
mixtures . 

The invention moreover comprises the salts of the 
compounds (I) with acids or (when R, or R, = H) bases. 

In a group of compounds of formula I, R is 
hydrogen, an halogen selected from chlorine, bromine, 
fluorine or iodine, hydroxy, C.-C.alkyl, C.-C.alkoxy, C,- 
C 4 haloalkyl or C.-C.haloalkoxy, R, and R 2 are hydrogen and 
X is =CH- or =N- in ortho position to the bond which is 
linked to the cyclopropyl moiety. 

Preferred compounds of formula (I) are those in 
which X is CH and R is hydrogen or a C.-C, alkoxy group. 

Examples of c,-c 4 alkyl groups include methyl, 
ethyl, n-propyl, isopropyl and isobutyl, preferably 
methyl . 

Examples of C 1 -C t alkoxy groups include methoxy, 
ethoxy, n-propoxy and isopropoxy, preferably methoxy. 

Examples of C L -C 4 haloalkyl groups include tri- 
fluoromethyl and pentaf luoroethyl , preferably trifluoro- 
methyl . 

Examples of Cl -C 4 haloalkoxy groups include 
trifluoromethoxy and dif luoromethoxy, preferably tri- 
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f luoromethoxy . 

The formulae of 16 possible enant iomers of the 
compounds of formula (I) in which R is H, X is =CH- and 
n x is hydrogen are given below. The S configuration of 
5 the carbon atom of the glycine residue is preferred and 
the configuration of compound £4 i fi particularly pre- 
ferred. 
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The compounds of formula I wherein R 2 and R 2 are H 
may be prepared by reaction of a compound of formula (II) 



R 




in which X and R are as defined above, with a -phenyl - 
glycinol and then with TMSCN, followed by oxidative 
5 cleavage with lead tetraacetate and acid hydrolysis. The 
compounds wherein R 1 and /or R 2 are alkyl or benzyl can be 
prepared from the free acids according to well known 
procedures . 

By using various enantiomers of the aldehydes (II) 
10 and of R- or S - a -phenylglyc inol ; the desired enantiomers 
may be prepared. 

Schemes 1-4 for the preparation of compounds (I) in 
which X = CH and R = H are given below. Further compounds 
(I) can be obtained by identical methods, starting with 
15 appropriate aldehydes (II) . 

Aldehydes (II) can be prepared according to the 
following schemes 5 and 6, again with reference to 
compounds in which X is CH and R is hydrogen. Obviously, 
further aldehydes of formula (II) can be prepared in a 
20 similar manner, starting with the appropriate E-cinnamyl 
or E-pyridylvinyl alcohols. 
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The coropoundB of formula (I) and their 
pharmaceutically acceptable salts, hereinafter referred 
to as agents of the invention, exhibit valuable 
pharmacological properties when tested in vitro, 
particularly affinity to metabotropic glutamate receptors 
(mGluRs) as indicated above, and are therefore useful as 
pharmaceuticals . 

The agents of the invention were evaluated as 
mGluH antagonists in the following tests: 

1) Antagonism of the phospholipase C- stimulatory action 
by 1S,3R-ACPD (300 |iM) on slices of rat cortex. Active 
molecules in this test are considered to be mGluRl or 
mGluRS antagonists (group 1) . 

2) Antagonism of the action of L.-CCG1 (3 uM) on the 
formation of cAMP induced by forskolin (30 |iM) on slices 
of rat stria. Active molecules in this test are con- 
sidered to be mGluR2 or mGluR3 antagonists (group 2). 

3) Antagonism of the action of L-AP4 (10 uM) on the 
formation of cAMP induced by forskolin (30 p!4) on slices 
of rat cerebellum. Active molecules in this test are 
considered to be mGluR4, mGluR7 and mGluR8 antagonists 
( group 3 ) . 

The agents of the invention show significant 
activity in these tests at about 0,01 to about lOOpM. 

25 The molecules active on group 1 mGluRs were then 

tested for their potentiation of the release of transmit- 
ter from slices of cortex and the molecules active on 
group 2 were tested for their inhibition of the release 
of transmitter from slices of rat stria. The methods used 

3 0 for the experiments reported above are described in: 
Lombard! et al . British J. Phairmacol . 19933, 110, 1407- 
1412 . 

The agents of the invention, and in particular 
compound 44, display selective antagonist activity 
towards the mGluRs of the second group by antagonizing 
the effect of L-CCG-1 on the production of cAMP and on 
the release of transmitter from slices of stria, with an 
IC 50 of 10 uM. The effect is selective since the action of 
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IS, 3R ACDP on phospholipase C is not modified. 

Furthermore, the compounds of the invention may 
act as mGluR-agonists. Agonistic activity can be shown in 
the following way: 
5 1) stimulation of phospholipase C in BHK cells which are 
transfected with mGluRs of group I; 

2) Decrease of f orskolin-stimulated cAMP- format ion in 
transfected BHK cells expressing one of the mGluRs of 

class II or III. 

10 The agents of the invention show significant 

activity in these tests at about 0.01 to about 100uM- 
Compound 44, for example, acts as an agonist at mGluR4 
with an EC50 < 200 uM. 

The compounds of the invention are therefore 

15 useful in disorders which are linked to metabotropic 
excitatory amino acid receptors- Such disorders include 
cerebral ischemia (e.g. due to stroke or cardiac arrest 
during bypass surgery) , head trauma, subarachnoid 
haemorrage, Alzheimers disease, Huntingtons Chorea, 

2 0 amyotrophic lateral sclerosis, AIDS- induced dementia, 
Parkinson syndrom, convulsive disorders (e.g. epilepsy), 
muscular spasms, chronic and neuropathic pain, cognitive 
disorders such as memory deficits, schizophrenia, 
anxiety, ernes is and drug abuse. 

25 For the therapeutic uses envisaged, the compounds 

of the invention will be formulated in appropriate dosage 
forms, using conventional techniques and excipients. The 
dosage will be determined by the doctor in charge, based 
on the pharmaceutical and pharmacodynamic properties of 

30 the compounds. An indicated daily dosage will lie within 
the range from about 1 mg to about Ig, conveniently 
administered, for example, in divided doses up to four 
times a day. 

In accordance with the foregoing, the present 
35 invention also provides a pharmaceutical composition 
comprising an agent of the invention, in association with 
a pharmaceutical carrier or diluent. 

The invention furthermore provides an agent of 
the invention for use as a pharmaceutical, particularly 
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in disorders linked to metabotropic glutanate receptors, 
e.g. in the treatment of the above-mentioned disorders. 

Moreover the present invention provides the use 
of an agent of the invention for the manufacture of a 
5 medicament for the treatment of the above-mentioned 
disorders . 

In still a further aspect the invention provides 
a method for the treatment of disorders linked to 
metabotropic glutanate receptors, e.g. for the above- 
10 mentioned disorders, in a subject in need of such 
treatment, which comprises administering to such subject 
a therapeutically effective amount of an agent of the 
invention. 

The examples which follow further illustrate the 
15 invention. 
Example 1 . 

j2$, X ' S. 2 ' S, 3 • R) -2- (2 ' -carbo x v-3 ' -nhenvlcvelopropvl ) - 
glycine 

a ) 6 -Phenyl - 3 -oxabicyc lo [ 3 . 1 . 0 ] hexan- 2 -one 
20 A solution of cie-3-phenyl-2-propen-l-yl diazo- 

acetate (1 g, 4. 95 mmol) in anhydrous toluene 
(165 ml) was added to a re fluxing solution of bis(N- 
t-butylsalicylaldiminato) copper (XI) (0.104 g, 
0.25 mmol) in anhydrous toluene (165 ml) with stir- 
ring under an argon atmosphere for 12 hours. After 
cooling, the reaction mixture was evaporated and the 
residue subjected to flash chromatography, eluting 
with petroleum ether containing from 10 to 4.0% of 
ethyl acetate, to give the title compound. (0.75 g, 
87%), m . p . ii2- 3 o c . X H— MHR (CDC1 3 ) 6 2.60 <2H, m, 

1- CH and 5-CH), 2.78 (1H, t, J=8 . 8 Hz, 6-CH) , 4.05 
(1H, dd, J=0.6 Hz, J=9.8 Hz, 4-CH.), 4.35 (1H, dt, 
J=2.7 Hz, a=9.8 Hz, 4-CH b ), 7.20-7.35 (5H, m, aro- 
matic ) 

2- Hydroxymethyl-3-phenylcyclopropanecarboxylic acid 
( 4 -morpholinyl ) amide 

A 2.0 M solution of trimethylaluminium in hexane 
(22.35 ml) was added dropwise over 20 minutes to a 
solution of morpholine {3.9 ml) in anhydrous CH 2 C1, 



25 



3 0 



35 b) 
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(108 ml) with stirring at room temperature under an 
argon atmosphere. The stirring was continued for 2 0 
minutes after the addition of a solution of the 
compound obtained in a) (2.59 g, 14.88 mmol) in 
anhydrous CH 2 C1 2 (67 ml) over 2 0 minutes, and the 
resulting mixture was then heated at 40°C for 20 
hours. The reaction mixture was acidified cautiously 
with IN HCl, the organic phase was separated out and 
the aqueous phase was extracted with CH 2 C1 2 (2 x 
6 0 ml). The combined organic phases were dried over 
anhydrous Na 2 S0 4 and, after evaporation of the 
solvent, the residue (3.7 g) was subjected to flash 
chromatography, eluting with CH 2 C1 2 /methanol (95/5) 
to give the title compound. (3.50 g, 9 0%), m.p. 
103°C; X H-NMR (CDC1 3 ) 8 2.00 (2H, m, 1-CH and 2-CH), 
2.50 (1H, t, J=5.5 Hz, 3-CH), 3.40-3.80 < 8H, m, 
morpholine), 3.90-4*15 (2H, m, CH 2 OH) , 7.15-7.40 
(5H, m, aromatic) 
) A solution of the compound obtained in b) (3.40 g, 
13.03 mmol) in anhydrous tetrahydrof uran (200 ml) 
was added dropwise over 3 0 minutes to a solution of 
lithium hexamethyldisilazide, prepared by adding a 
1.5 M solution of butyl lithium in hexane (26 ml) to 
a solution of anhydrous hexamethyldisilazane 
(8.3 ml) in tetrahydrof uran (200 ml). The addition 
was carried out at room temperature under an argon 
atmosphere. Stirring was continued for 1 hour, after 
which the reaction mixture was diluted with satu- 
rated NH 4 C1 (50 0 ml) and extracted with CI^CI^ (3 x 
2 00 ml) . The combined organic extracts were then 
dried (Na 2 SO<) and evaporated to give a residue which 
was subjected to flash chromatography, eluting with 
CH 2 C1 2 /methanol (95/5) to give the epimer of the 
compound obtained in b) . (3-00 g, BB%) ; 1 H-NMR 
(CDC1 3 ) 6 2.05 (2H, m, 2-CH and OH), 2.25 (1H, t, 
J=5.0 Hz, 1-CH), 2.85 (1H, dd, J=5 . 0 Hz, tf=12.0 Hz, 
3-CH), 3.50-3,90 (8H, m, morpholine ring), 3.85 (2H, 
dd, J=6.7 Hz, J=12.0 Hz, CH 2 OH) , 7.15-7.40 (5H, m, 
aromatic ) . 
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d) 2-Formyl-3-phenylcyclopropanecarboxylic acid 
( 4 -morpholinyl ) amide 

PCC (4.20 g, 19.48 mrnol) was added to a solution of 
the compound obtained in c) (3.00 g, 11.49 xnmol) in 
anhydrous CH 2 C1 2 (130 ml) and the resulting mixture 
was stirred at room temperature under an argon 
atmosphere for 16 hours. The reaction mixture was 
then diluted with ethyl ether and filtered and the 
solvent was evaporated off. Flash chromatography of 
the residue and elution with ethyl acetate/petroleum 
ether (8/2) gave the title compound. (1.90 g, 64%), 
m.p. 89°C; 1 H-NMR (CDC1 3 ) 6 2.78-2.90 <1H, m, 2-CH), 
3.12 (1H, t, <J=4.9 Hz, 1-CH) , 3.35 (1H, dd, 
J=6.4 Hz, J=9.4 Hz, 3-CH), 6.60-3.90 (8H), m, mor- 
15 Pho line ring, 7.18-7.40 (5H, m, aromatic), 9.20 (1H, 

d, tf=5.1 Hz, CHO) . 
e) R-Phenylglycine (0.45 g, 3.2 8 xnmol) was added to a 
solution of the aldehyde (0.85 g, 3.28 xnmol) in 
methanol (32.8 ml) and the resulting mixture was 
20 stirred at room temperature for 2 hours. After 

cooling to 0°C, TMSCN (0.65 g, 6.56 xnmol) was added 
and the resulting mixture was stirred for 12 hours 
at room temperature. Evaporation of the solvent gave 
a residue which was subjected to medium-pressure 
25 chromatography, eluting with CH 2 C1 2 /methanol (98/2) 

to give the compound of formula: 




(HI) 



(3.00 g, 2%), m.p. 123-4°C 1 H-NMR (CDC1 3 ) 6 2.20 (2H, 
m, CHCO and CH-CHN) , 2.80 (1H, d, J=9 . 6 Hz, CHCN) , 
3.10 (2H, m, CHPh and OH), 3.40-3.90 (10H, m, mor- 
pholine and CH 2 OH) , 3.95 (1H, dd, J=3.8 and 13.5 Hz, 
CH-CH 2 OH), 6.70-7.40 ( 10H, 2 xm, aromatic). 
Subsequent elution with the same solvent gave the 
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compound of formula 




(IV) 



15 



20 



(0.450 g, 3396) , m.p. 146-7°C; 1 H-NMR (CDC1 3 ) 6 2.25 
(2H, m, CHCO and CH-CHN) , 2,60 (1H, d, *J=8 . 0 Hz, 
CHCN) , 2.90 (2H, m, CHPh and OH) , 3.50-4.00 (11H, m, 
morpholine, CH 2 OH and CH-CH 2 OH) , 6.90-7.40 (10H, 2 x 
m, aromatic) • 

) (2S f l , S,2 , S,3 , R)-2-(2' -Carboxy-3 ' -phenylcyclo- 
propyl ) glycine 

Lead tetraacetate (0.360 g, 0.81 ramol) was added to 
a solution of the compound obtained in e) , formula 
(IV) (0.300 g, 0.74 mmol) in an anhydrous 
methanol /methylene chloride mixture (12 ml, 1/1); 
after 10 minutes, water (10 ml) was added and the 
resulting mixture was filtered through Celite . After 
evaporation of the solvent, the residue was refluxed 
in 6N HC1 (30 ml) for 12 hours. The reaction mixture 
was washed with CH 2 C1 2 (2 x 10 ml) and evaporated. 
The residue was subjected to chromatography on an 
ion exchange resin of Dowex 50 x 2 20 0 type: elution 
with 10% pyridine gave the title compound. (0.110 g, 
63%), m.p. 221°C; X H-NMR (D 2 0+DC1) 6 215 (1H, td, 
J=5.2 and 9.3 Hz, I'-CH), 2.50' (1H, t, J=5.2 Hz, 
2'-CH), 3.05 (1H, dd, J=5.2 and 9.3 Hz, 3 • -CH) , 3.20 

(1H, d, CT=10.2 Hz, 2-CH), 7.3 0 (5H, br s, aromatic); 
13 C-NMR (D 2 0+DC1 8 22.90 <C-1'), 27.76 (C-2 • ) , 31.33 

(C-3*) 51.50 (C-2), 127.66, 128.57), 128.57, 128.94, 
133.26 (aromatic), 169.69, 175.27 (CO); [aJ^-lOS 

(c 0.15, 2.5N HC1) . 



In a similar manner to Example 1, starting with 
appropriate aldehydes of formula (II) and using. 



Example 2 
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indicated in the above schemes 1-4, the following 
compounds were obtained: 

(2R, l'S,2'S,3'R)-2-<2' -Carboxy-3 ' -phenylcyclopropyl ) - 
glycine; Dowex 50WX2-200 (10% pyridine); 86% yield; 
m.p. 240-l<>C; ^-NMR <D 2 0) fi 1.95 <1H, td, J=5.4, 8.9 and 
10.8 Hz, l'-CH), 2.55 <1H, t, J=5.4 Hz, 2 • -CH) , 2.85 <1H, 
dd, J=5.4 and 8.9 Hz, 3'-CH), 3.00 (1H, d, J=10.8 Hz, 
2-CH), 7.20-7.35 (5H, m, aromatic); 13 C-NMR (D 2 0+DC1) 6 

23.90, 27.78, 29.97, 50.40, 128.03, 128.43, 129, 17, 
132.76, 170.81, 175.24; [a] D 20 -74 (c 0.30, 2.5NHC1). 
(2R, l'R,2'R, 3'S). 2-(2' -Carboxy-3 • -phenylcyclopropyl ) - 
glycine; Dowex 50WX2-200 ( 10% pyridine) ; 74% yield; m.p. 
221-3-C; l H-NMR <D 2 0) 6 2.10 (1H, dt, J=5.0 and 10.5 Hz, 
l'-CH), 2.40 (1H, t, J=5.0 Hz, 2--CH), 3.00 (2H, m, 3 • -CH 
and 2-CH), 7.3 0 <5H, d, aromatic); "c-NMR <D 2 0+DC1) 6 

22.91, 27.83, 31.39, 51.49, 127.69, 128.59, 128.96, 
133.28, 169.70, 175.25; to] D " +100 (c 0.20, 2.5NHC1). 
<2S, 1 ' R, 2 ' R, 3 ' S) -2- {2 ' -Carboxy-3 ' -phenylcyclopropyl) - 
glycine; 70% yield; [a] 0 20 +72 (c 0.30, 2 . 5N HC1). 

<2R, 1 -R,2 • S, 3 • S) -2- (2 • -Carboxy-3 • -phenylcyclopropyl ) - 
glycine; Dowex 50WX2-200 {10% pyridine); 48% yield; m.p. 
219-220°C; X H— NMR (D 2 0) fi 1.80 (1H, dt, J=9.4 and 11.9 Hz, 
1*-CH), 2.49 (1H, t, J=9.4 Hz, 2 ■ -CH) , 2.75 (1H, t, 
J=9.4 HZ, 3--CH), 4.10 (1H, d, J=11.9Hz, 2-CH), 7.10- 
7.3 0 (5H, m, aromatic); 15 C-NMR (D 2 0+DC1) 5 23.99, 24.54, 
28.51, 49.00, 127.86, 129.20, 129.71, 133.33, 171.27, 
175.24; [o] D 20 +20 (c 0.50, 2.5NHC1). 

(2R, 1 'S, 2 * R, 3 «R) -2- (2 • -Carboxy-3 • -phenylcyclopropyl) - 
glcyine; Dowex 50WX2-2 0 0 (10% pyridine); 53% yield; m.p. 
219-220°C; 1 H-NMR <D,0) 6 1.90 (1H, dt , J=8 . 8 and 11.5 Hz, 
l'-CH), 2.55 (1H, t, J=8.8 Hz, 2--CH), 2.80 (1H, t, J=8.8 
Hz, 3--CH), 4.15 (1H, d, J=11.5 Hz, 2-CH), 7.10-7.30 (5H, 
m, aromatic); "c-NMR (D 2 0+DC1) 6 23.46, 24.20, 28.54, 
49.16, 127.61, 128.95, 129.49, 132.94, 171.05, 173.98; 
ta] D " -17 (c 0.60, 2.5N HC1). 

<2S, 1 -S,2 ' R , 3 «R) -2- (2 ' -Carboxy-3 ' -phenylcyclopropyl ) - 
glycine; 48% yield; [a] D 20 -21 (c 0.50, 2.5NHC1). 
<2S, l'R,2 «S, 3 -S) -2- (2 ' -Carboxy-3 ■ -phenylcyclopropyl ) - 
glycine; 55% yield; [c] D 20 +18 (c 0.40, 2.5NHC1). 
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(2S,l'S f 2 , S,3'R)-2-(2' -Carboxy- 3 ' -o-methoxyphenyl - 
cyclopropyl > glycine . 

(0.100 g, 829s), m.p. 219-20°C; "H-NMR (D 2 0+DC1) 6 2.15 
(1H, td, J=5.8 and 10.3 Hz, l'-CH), 2.40 (1H, t, 
J=:5.8 Hz, 2'-CH>, 2.9-3.10 (2H, m, 3 - -CH and 2-CH) , 3.80 
(3H, s, OMe), 6.90-7.40 (4H, m, aromatic); [o] D 20 -81 (c 
0 .15, 2 . 5N HCl) . 
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CLAIMS 



1. A compound of formula I 



10 



15 



20 



25 



R.OOC 




0) 



wherein 

R is Hydrogen, halogen selected from 

chlorine, bromine, fluorine or iodine, hydroxy, 
C r C 4 alkyl, Ci-C.alkoxy, C^C.haloalkyl, C^-c,- 
haloalkoxy, cyano, nitro, -COOR 2 (R 1 being as 
defined below), -CONR 3 R 4 (R 3 and R 4 independently 
being hydrogen or C^-C^alkyl), -PO(OR 1 ) 2 (R, being 
as defined below), -SO^R, (R, being as defined 
below) or -NH-CO-R, (R 5 being C.-C.alkyl or 
phenyl), R 2 and R 2 , independently, are hydrogen, 
C^-C^alkyl or benzyl, and 

O" 

i 

X is =CH-, =N- or =N*- 
or a salt thereof. 

A compound of formula I according to claim 1 wherein 
R is hydrogen, an halogen selected from chlorine, 
bromine, fluorine or iodine, hydroxy, C 1 -C 4 alkyl / C x - 
C 4 alkoxy, C^-C^haloalkyl or C.-C.haloalkoxy, R, and R ? 
are hydrogen and X is =CH- or =N- in ortho position 
to the bond which is linked to the cyclopropyl 
moiety, or a salt thereof. 

A compound of claim 1 wherein R is hydrogen or C x - 
C 4 alkyl, R 2 and R 2 are hydrogen and X is =CH- . 
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,CO ? H 



and its salts . 



5. A compound of anyone of claims 1 to 4, in free or 
pharmaceutical ly acceptable salt form, for use as a 

5 pharmaceutical . 

6. A compound of anyone of claims 1 to 4, in free or 
pharmaceutically acceptable salt form, for use in 
disorders linked to metabotropic glutamate 
receptors ♦ 

10 7. A compound of anyone of claims 1 to 4, in free or 
pharmaceutically acceptable salt form, for use in 
the treatment of cerebral ischemia, head trauma, 
subarachnoid haemorrage, Alzheimer's disease, 
Huntington's chorea, amyotrophic lateral sclerosis, 

15 AIDS-induced dementia, Parkinson syndrome, 

convulsive disorders, muscular spasms, pain, 
cognitive disorders, schizophrenia, anxiety, emesis 
and drug abuse . 

8. A pharmaceutical composition comprising a compound 
2 0 of anyone of claims 1 to 4 in free or 

pharmaceutically acceptable salt form, in 
association with a pharmaceutical carrier or 
diluent . 

9 . The use of a compound of anyone of claims 1 to 4 in 
25 free or pharmaceutically acceptable salt form, as a 

pharmaceutical for the treatment of disorders linked 
to metabotropic glutamate receptors. 
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0. The use of a compound of anyone of claims 1 to 4 in 
free or pharmaceutical^ acceptable salt form, for 
the manufacture of a medicament for the treatment of 
disorders linked to metabotropic ylutamate 
receptors . 



11. A method for the treatment of disorders linked to 
metatootropic glutamate receptors in a subject in 
need of such treatment, which comprises 
administering to such subject a therapeutically 
10 effective amount of a compound of anyone of claims 

1 to 4 in free or pharmaceutic ally acceptable salt 
form. 
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(57) Abstract 

Compounds of formula <l) are provided wherein: R 1 and R 2 are 
independently selected from hydrogen, optionally substituted alkyl and 
optionally substituted acyl; R 3 is hydrogen or an optionally substituted 
group selected from alkyl, aryl and aralkyl; and X is OR 6 , where R* 
is hydrogen or optionally substituted alkyl, or NR^R 5 , where R 4 and 
R 5 are independently selected from hydrogen and optionally substituted 
alkyl, optionally substituted on the phenyl ring. The compounds have 
activity at receptor sites in the central nervous system. 
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ALPHA-CYCLOPROPYI - SUBSTITUTED PHENYLG1 Y CIMES AS f!Mg 

AGENTS 

^ This invention relates to compounds having activity at receptor sites 

in the central nervous system (CNS). In particular, the invention relates to 
phenylglycine derivatives which have a cyclopropyl group at the a-position 
and to pharmaceutical compositions comprising these compounds. 

Various amino acids have recently become of interest following the 
10 discovery that they are able to influence the activity of certain receptor 
sites in the CNS and attention has been directed to the identification of 
material that will have specific action in relation to these receptor sites with 
a view to identifying compounds that can be used to control various 
15 disorders resulting from central nervous malfunction such as involuntary 
muscular activity and mental, affective or memory disorders. The 
compounds might also be used to control the perception of the sensation of 
pain. 

20 !t is known tnat certain aryl compounds derived from 2-amino-2- 

phenylacetic acid (phenylglycine) bearing hydroxy and/or carboxy 
substitutents in the phenyl ring and an alkyl or substituted alkyl or aryl 
substituent in the 2-position of the acetic acid moiety have actions at 
25 certain amino acid receptor sites in the CNS which are involved in the 
control of the transmission of nerve impulses in the brain and spinal cord, 
including those underlying memory processes and the perception of pain. 

Compounds having activity at receptor sites in the CNS are disclosed 
3Q WO 95/15941. This document discloses a large group of aryl substituted 
amino acids but specific mention is made of only one compound containing 
a cyclopropyl group i.e., 2-cyciopropyl-2-(4-carboxyphenyl) glycine. The 
compounds are described as having activity at metabotropic glutamate 
receptors (mGluRs). 

35 
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To date molecular biologists have discovered eight sub-types of 
metabotropic glutamate receptor (mGluR) which have been divided into 
three main sub groups according to their sequence homology, signal 
transduction mechanism and their agonist selectivity. Sub group I mGluRs 

5 

consist of mGluR 1 and 5 and are selectively activated by (1S, 3R)-1- 
aminocyclopentane-1 ,3-dicarboxylic acid (ACPD). Sub group II mGluRs 
consist of mGluR 2 and 3 and are selectively activated by (1S f 3S)-ACPD. 
Sub group III mGluRs consist of mGluRs 4, 6 f 7 and 8 and are potently 

10 activated by L-2-amino-4-phosphonobutanoate (L-AP4). 

It has now been found that a group of a-cyciopropyl substituted 
phenylglycine compounds has unexpectedly improved pharmacological 
properties over those previously disclosed, for example, in WO 95/15941. 

^5 These advantages include greatly enhanced potency in their activity at 
mGluRs and higher selectivity for this type of receptor. The compounds are 
also selective for certain groups of mGluR. Specifically, the compounds act 
as potent and selective sub group III mGluR antagonists. 

20 Accordingly, the present invention provides compounds of formula I 

^ OH 
X 

wherein: R 1 and R 2 are independently selected from hydrogen, 
^ Q optionally substituted alkyl and optionally substituted acyl; 

R 3 is hydrogen or an optionally substituted group 
selected from alkyl, aryl and aralkyl; and 

X is OR 6 , where R 6 is hydrogen or optionally substituted 
alkyl, or NR*R 5 , where R 4 and R 5 are independently selected from hydrogen 

35 

and optionally substituted alkyl. 
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optionally substituted on the phenyl ring 

and pharmaceutical^ acceptable salts thereof. 

The term "alky!", as used herein, covers both straight chain and 
branched alkyl groups which have from 1 to 6 carbon atoms such as 
methyl, ethyl, propyl and butyl . An analagous convention applies to the 
term "acyl". 

The alkyl and acyl groups in the compounds of the invention are 
optionally substituted by one or more groups selected from halogen, 
10 hydroxy, amino, carboxy, oxo, phosphono, -P0 2 H{OR 7 ), phosphinico, - 
P0 2 H(R 7 ), -OP0 3 H 2 , -OP0 2 H(OR 7 ), arsono, -As0 2 H(OR 7 ), arsinico, - 
As0 2 H(R 7 ), tetrazolyl, sulpho, sulphino, sulpheno, nitro, cyano, thio, - 
OS0 3 H, aryl, and further optionally substituted alkyl or acyl groups. R 7 is 
1 5 hydrogen or alkyl. 

The term "aryl", as used herein, includes phenyl and naphthyl, each 
optionally substituted with up to five, preferably up to three, groups 
selected from halogen, nitro, cyano, alkyl, acyl, hydroxy, carboxy, amino, 
2Q phenyl, alkylcarbonyloxy, alkoxycarbonyl, formyl or alkylcarbonyl. The term 
"aralkyl" refers to an alkyl group substituted with an aryl group such as 
optionally substituted benzyl. 

The phenyl ring in the compounds of the invention may be 
25 substituted by from one to four groups selected from halogen, hydroxy, 
amino f carboxy, phosphono, -P0 2 H(OR 7 ), phosphinico, -P0 2 H(R 7 ), -OP0 3 H 2 , - 
OP0 2 H(OR 7 ), arsono, -AsO 2 H(0R 7 ), arsinico, -As0 2 H(R 7 ), tetrazolyl, sulpho, 
sulphino, sulpheno, nitro, cyano, thio, -OS0 3 H and optionally substituted 
^ alkyl, acyl or aryl. Substitution by halogen (especially chlorine) is preferred, 
particularly at the 3-position of the aromatic ring. 

When used herein, the term "halogen" refers to fluorine, chlorine, 
bromine or iodine and an analagous convention applies to the term "halide". 
The compounds of the invention have an asymmetric carbon atom 

35 

bound to the phenyl ring and the invention includes racemic mixtures and 
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the individual stereoisomers. Preferably, the compound of formula I has the 
following stereochemistry at the carbon atom bound to the phenyl ring: 



XOC^ £ - N *'£* 




-OH 

10 These enantiomers, conventionally designated as having S 

configuration, have been found to be particularly selective in their activity at 
mGluRs. 

So far as the compounds of the invention contain other asymmetric 
15 centres, by virtue of optional substituents, the invention covers both 

optically active forms and racemic mixtures. 

The compounds may take the form of the free compound as 

indicated in formula I or they may be in the form of their pharmaceutical^ 
20 acceptable salts. For example, the salts may be physiologically acceptable 

acid addition salts of a basic amino group in the molecule such as salts with 

hydrochloric acid, acetic acid, succinic acid, tartaric acid or citric acid. 

Salts may also be formed with an acidic group in the molecule, such as a 
25 carboxy or phosphono group, and suitable examples of this type of salt are 

mono-, di- and poly- sodium salts. When the compounds of the invention 

contain both basic and acidic groups, either or both of the basic and acidic 

groups can be present as salts. 
30 present inven tion includes compounds which are hydrolysable in 

vivo to compounds of formula I, such as the esters or amides of optional 

substituents. 

Formula (I) includes solvates of the compound, such as with solvents 
used for purification of the compound e.g., by crystallisation 

35 
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Preferably Ft 1 and Ft 2 are both hydrogen. Suitably/ X is OH. R 3 is 
conveniently hydrogen. 

A particularly preferred compound of the invention is 2-amino-2- 
cyclopropyl-2-{4-phosphonophenyl)acetic acid and its pharmaceutical^ 
acceptable salts. Also preferred is 2-amino-2-cyclopropyl-2-(3-chloro-4- 
phosphonophenyDacetic acid and its pharmaceutical^ acceptable salts. 

The present invention also provides a pharmaceutical composition 
comprising a compound of the invention and a pharmaceutical^ acceptable 
10 diluent or carrier. The use of the compounds for the treatment of a disorder 
of the CNS which comprises the administration to a patient of a 
pharmacologically effective amount of a compound or the composition of 
the invention is also contemplated, as is the use of the compounds in the 
15 manufacture of a medicament for the treatment of disorders of the CNS. 

As a result of their activity as selective antagonists at mGluRs, the 
compounds of the invention depress nociceptive responses and may be 
used as analgesics. They may also be used in the treatment of other 
20 disorders of the CNS by utilisation of their selective antagonist activity at 
mGluRs, particularly sub group III mGluRs. 

The compounds and compositions of the invention may be 
administered parenterally or orally, for example, intravenously for acute 
2 ^ treatment or subcutaneously or orally for chronic treatment. The 
compounds may be formulated for clinical use in suitable vehicles, normally 
as a preparation of a" water-soluble salt, though preparations of low water 
solubility, possibly in association with physiologically tolerable emulsifying 
^ agents, may be used for depot administration. 

Since it is believed to be necessary for compounds of the invention to 
penetrate the blood brain barrier, it is frequently necessary to administer the 
compounds of the present invention in amounts significantly in excess of 
the amounts necessary to be achieved within the brain for the therapeutic 
effect desired and this will influence the concentration of the active 
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compounds in the composition of the present invention. Considerations of 
this type suggest that such a conventional dosage volume would provide 
the subject with up to about 200 mg/kg body weight although, when the 
compounds are to be administered by the intravenous route, dosages in the 
region of about 1 -20 mg/kg body weight are to be expected for the more 
active compounds and/or for those substances with a high lipophilic or 
hydrophilic balance. 

The compounds of the invention are also useful as research tools for 
10 investigating mechanisms of CNS activity. Thus, they may be used as 
radioactive ligands for receptor binding and metabolic studies. Formula I 
therefore includes radiolabeled compounds. Suitable radiolabelling includes, 
for example, the incorporation of an atom of a radioisotope such as tritium 
15 or iodine-125 into the compounds. 

The compounds of the invention will also be useful for the isolation 
of receptors from central nervous tissue by, for example, linking the 
molecules via a spacer molecular chain to an affinity chromatography 
20 support material of the sepharose or agarose type. 

The compounds of the invention may be prepared by methods well- 
known in the art, particularly by employing known methods of amino acid 
synthesis. Suitable synthetic methods are disclosed in WO 95/15941, for 
25 example, and include reactions involving the Strecker synthesis and the 
Bucherer-Berg synthesis. Hence, the compounds can be prepared by the 
reaction of the corresponding phenyl cyclopropyl ketone with an ammonium 
salt and a cyanide salt (e.g., ammonium carbonate, ammonium chloride and 
potassium cyanide) to convert the ketone group into an amino acid, 
followed, if necessary, by forming or adding the desired phosphono 
substituent at the 4- position on the phenyl ring. 

Compounds of formula I which are substantially one optical isomer or 
are enriched in a particular optical isomer may be prepared by known 
stereoselective synthetic methods such as the established routes for 
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preparing amino acids using chiral reagents. Alternatively, optically active 
samples of the compounds can be prepared from the corresponding racemic 
mixtures by classical resolution procedures e.g., fractional crystallisation of 
the salt formed with R or S lysine or arginine, as appropriate. 

The compounds may be purified using known chromatography 
techniques and/or by recrystallisation from a suitable solvent or mixture of 
solvents. 

EXAMPLES 



EXAMPLE 1 

(RS)-2-Amino-2-cvclopropyl-2-(4-phosphonophenvl)acetic acid 

15 

(i) Synthesis 

To a stirred mixture of 4-chlorophenyl cyclopropyl ketone (10g, 55.4 
mmol) was added triethyl phosphite {2 ml) and anhydrous nickel chloride 

2o (0.73g) at 1 80-21 0°C for 3h. The mixture was cooled to room temperature 
and poured into water {100 ml). The resulting mixture was extracted with 
ethyl acetate (3 x 1 50 ml). The combined organic extracts were dried 
(MgS0 4 ) and evaporated under reduced pressure. The yield of crude 

2 ^ cyclopropyl 4-(diethoxyphosphinyl)phenyl ketone was essentially 
quantitative. 

Crude cyclopropyl 4-{diethoxyphosphinyl) phenyl ketone (15.6g, 55.4 
mmol), ammonium carbonate (53. 2g, 554 mmol), ammonium chloride 
(5.9g, 110 mmol) and potassium cyanide (18g, 277 mmol) in methanol (50 

30 

ml) and water (50 ml) were stirred at 65°C for 72h. 

The mixture was then boiled in an open flask to eliminate excess 
ammonium carbonate. Concentrated HCI {100 ml) was carefully added and 

35 
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10 



15 



the resulting mixture heated under reflux for 24h. Next day, the solution 
was evaporated under reduced pressure, the residue dissolved in a minimum 
amount of water and applied to a bed of AG50 hT ion-exchange resin. The 
column was eluted with water and then 1.0 M aqueous pyridine. The 
ninhydrin positive fractions of the 1 .0 M aqueous pyridine eluate were 
combined and evaporated. The residue was dissolved in a minimum 
amount of water and applied to a bed of Dowex AG1 acetate ion-exchange 
resin. The column was eluted with water and then a gradient of aqueous 
acetic acid. Ninhydrin-positive fractions of the aqueous acetic acid eluate 
containing the desired compound were combined and evaporated. The 
residue was crystallized from ethanol/water. It gave (RS)-2-amino-2- 
cyclopropyl-2-<4-phosphonophenvl)acetic acid, (540 mg) as a white solid. 



270 MHz 'H nmr (D 2 0/NaOD, standard Iv^SifCH^SC^Na): 5 0.3- 
0.74 (m, 4H), 1.57 (m, 1H), 7.51 (m, 2H), 7.65 (m. 2H); 300 MHz 13 C 
nmr (D 2 0/NaOD, standard I^SifCH^SC^Na): 5 2.65. 3.78, 20.73. 66.65, 
20 128.25, 128.41, 132.68, 132.79, 142.98, 148.88, 185.29. 

For C,,H 14 NO 5 P.0.25H 2 0 

Calculated C. 47.92; H, 5.30; N, 5.08% 

25 

Found C, 47.70; H, 5.61; N, 4.84% 
(ii) Pharmacol ogical Data 

30 

Table 1 shows antagonism by a-substituted-phenylglycines of L-AP4- 
and (1S. 3S)-ACPD- induced depression of dorsal root-evoked monosynaptic 
excitation of neonatal rat motoneurones. 

35 
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O 



MH 2 




C0 2 H 



Compound R X 



Table 1 



Apparent KD (fjM) versus 
Stereochemistry!*) L-AP4 (1S,3S)-ACPD 



10 



CPPG 
MCPG' 
MPPG 2 
MTPG 2 



— ^ P0 3 H 2 RS 

Me C0 2 H S 

Me P0 3 H 2 RS 

Me Tetrazole RS 



2.5±0.3 
227 ±12 
9.2 ±0.3 
188±9 



51 ±3 
9 ±37 
1 13± 1 3 
77.2±7 



' Values taken from Kemp et al (1994) Eur.J.Pharmacol- 
Molec. Pharmacol. Sect. 266 187-192 
15 2 Values taken from Jane et al (1995) Neuropharmacology 34 851-856 



The pharmacological data show the enhanced potency of the 
compound and the greater selectivity for sub group III mGluRs over sub 

20 group II mGluRs. The compound is over three times as potent and more 
selective by a factor of about two, than the closely related a-methyl 
substituted compound. In one aspect, therefore, the invention can be seen 
to be based on the selection of 2-amino-2-cyclopropyl-2-(4- 

25 phosphonophenyDacetic acid and analagous compounds from the broad 
disclosure in the prior art. 

Table 2 



^ Q IC S0 (nM) for reversal of inhibition of forskolin- 

stimulated cyclic AMP accumulation in adult 
rat cortical slices mediated by: 
Compound L-AP4 (10 \im) L-CCG-I (300 nM) 

MPPG 3 156±29 69.5±0.5 

35 

CPPG 4 2.2 ±0.6 46. 2± 18.2 
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Taken from Bedingfield et al., Eur, J. Pharmacol., 1996, 309, 71-78 
Taken from Toms et al., Br. J. Pharmacol., 1996, 119, 851-854 

g Table 2 shows antagonism by (RS)-MPPG and (RS)-CPPG of L-AP4- and L- 
CCG-I- induced inhibition of forsko.in stimulated cyclic AMP accumulation in 
adult rat cortical slices. This data also shows the enhanced potency and 
greater selectivity of CPPG over previous.y reported compounds for 
subgroup II, mG.uRs (activated by L-AP4) over subgroup „ mG.uRs 
(activated by L-CCG-I). In this analysis, CPPG is more than 70 times more 
potent and also more selective for subgroup III mGluRs than the closely 
related a-methyl compound. 

1 5 EXAMPLF ? 

(RS).2-Aminn-?.ryrtopropYl-2-(3-ch»oro-4-ph QS nhnno pho nv | lanAtif . apiW 

A mixture of cyclopropyl <3-chloro-4-diethoxyphosphinylphenyl) 

20 ketone (7.86 g 24.8 mmol), potassium cyanide (8.06 g, 124 mmol), 

ammonium carbonate (23.8 g. 248 mmol) and ammonium chloride (2.65 g, 
49.6 mmol) in 50% ethanol (200 ml) was heated to 60°C overnight. Next 
day. the mixture was cooled and evaporated and 6N aqueous hydrochloric 

25 acid (400 ml) was added to the residue. The mixture was heated under 
reflux overnight. Next day, the mixture was cooled, extracted with ethyl 
acetate (3 x 200 ml) and the aqueous layer evaporated under reduced 
pressure. The residue was dissolved in water and applied to a Dowex 

3Q 50WX8-400" ( H - form) ion-exchange resin column (1L). The column was 
eluted with water until the eluate had a pH of about 5 and then elution was 
continued with 2M aqueous ammonia. Ninhydrin positive fractions of the 
aqueous ammonia eluate were combined and evaporated. The residue was 

35 dissolved in water and applied to a Dowex 1X8-400" (acetate form) ion- 
exchange resin column (100 ml). The column was eluted with water and 
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then successively with 0.1 N, 0.5N, 1 .ON, 2. ON, 3. ON and 4. ON aqueous 
acetic acid (500 ml of each). Ninhydrin positive fractions of the 4. ON 
aqueous acetic acid eluate were combined and evaporated. The resulting 
solid was crystallised from ethanol/water to give the title compound (130 
mg) as a white solid. 

300 MHz 'H nmr (D 2 0, NaOD, Me 3 Si(CH 2 ) 3 S0 3 Na as standard): 5 7.94 (1H, 
m), 7.77 <1H, m), 7.55 (1H, m>, 1.65 (1H, m>, 0.75 (3H, m) and 0.5 (1H, 
m). 

Paper electrophoresis (pH4 buffer, 4 Kv): mobility relative to glutamic acid 
= 1 .4. R f = 0.5 {Silica gel coated tic plates, eluent: (pyridine (3):acetic acid 
(8):water (1 1)): n-butanol 3:2) 
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CLAIMS 




10 - 

OH 



wherein: R» and R 2 are independently selected from hydrogen, 
optionally substituted alkyl and optionally substituted acyl; 
15 R 3 is hydrogen or an optionally substituted group 

selected from alkyl, aryl and aralkyl; and 

X is OR 6 , where R 6 is hydrogen or optionally substituted 
alkyl, or NR 4 R 5 , where R 4 and R 5 are independently selected from hydrogen 
20 and optionally substituted alkyl, 

optionally substituted on the phenyl ring 

and pharmaceutical^ acceptable salts thereof. 

2 5 2.Compound as claimed in claim 1 which has the following stereochemistry 



30 




35 



3. Compound as claimed in claim 1 or claim 2, wherein R' and R 2 are both 
hydrogen. 
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4. Compound as claimed in any one of claims 1 to 3, wherein X is OH. 

5. Compound as claimed in any one of claims 1 to 4, wherein R 3 is 
hydrogen. 

5 

6. Compound as claimed in any one of claims 1 to 5, wherein the phenyl 
ring has a chlorine atom substituted at the 3-position. 

10 7.Compound as claimed in claim 1 which is 2-amino-2-cyclopropyl-2-(4- 
phosphonophenyDacetic acid or a pharmaceutical^ acceptable salt thereof. 

8. Compound as claimed in claim 1 which is 2-amino-2-cyclopropyl-2-(3- 
15 chloro-4-phosphonophenyl) acetic acid or a pharmaceutical^ acceptable salt 
thereof. 

^Pharmaceutical composition comprising a compound of any one of claims 
20 1 to 8 together with a pharmaceutical^ acceptable diluent or carrier. 



25 



30 



35 
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AMENDED CLAIMS 

[received by the International Bureau on 28 October 1999 (28.10.99); 
original claims 3 and 4 amended; remaining claims unchanged (1 page)] 

3. A compound as claimed in claim 1, wherein R2 is NH 2 . 

4. A compound as claimed in claim 1, wherein R3 can be -H, or -Me; or xanthyl or 
thioxanthyl and R4 is COOH. 

5. A process for the preparation of a compound of Formula I, or a pharmaceutical^ 
acceptable metabolically-labile ester or amide thereof, or a pharmaceutically 
acceptable salt thereof, which comprises: 

(a) hydrolyzing a compound of formula: 



(ID 



R4 



NHR5 
CN 



in which Rl is defined as above, R5 represents a hydrogen atom or an acyl group and 
R4 has the meaning defined above. Preferred values for R5 are hydrogen and (2-6C) 
alkanoyl groups, such as acetyl; 

(b) hydrolyzing a compound of formula: 



R 1 




o 



R 4 

O 



(III) 



wherein R6 and R7 each independently represent a hydrogen atom, a (2-6C) alkanoyl 
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STATEMENT UNDER ARTICLE 19 



Claim 3 has been amended to read "...wherein R2 is NH 2 ." and claim 4 has been amended to read "...and 
R4 is COOH." These amendments are made to correct a typographical error. Thefactthat the error was 
merely typographical can be determined from multiple descriptions throughout the patent application that 
are consistent with the assignment that R2 is NH 2 in claim 3, and that R4 is COOH for claim 4. For 
example, claim 1 , which is also included within the summary of the invention, states that R2 can be a basic 
group selected from the group consisting of 1° amino, 2° amino, 3° amino, quaternary ammonium salts, 
aliphatic l°amino, aliphatic 2° amino, aliphatic 3° amino, aliphatic quaternary ammonium salts, aromatic 
1° amino, aromatic 2° amino, aromatic 3° amino, aromatic quaternary ammonium salts, imidazol, guanidino, 
boronoamino, ally 1, urea, thiourea, and that R4 can be an acidic group selected from the group consisting 
of carboxyl, phosphono, phosphino, sulfono, sulfino, borono, tetrazol, isoxazol. Thus, the assignmentof 
R2 and R4 within the dependent claims must be consistent with the categories delineated in claim 1 . 
Moreover, schematics of the synthetic procedures presented on pages 30 and 32 (Examples I and II, 
respectively) , support the interpretation that R2 is NH 2 and R4 is COOH, and that the interchange of 
assignment between the two was merely typographical in nature. 

The applicant notes that the International Searching Authority has only searched claims 2 through 1 0. While 
the applicant asserts that the Searching Authority should be searching claim 1 s it accepts that the written 
opinion may be directed to claims 2 through 10 only. 
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CUB ANE DERIVATIVES AS METABOTROPIC GLUTAMATE RECEPTOR ANTAGONISTS AND PROCESS FOR THEIR 
PREPARATION 

FIELD OF THE INVENTION 

This invention pertains to therapeutically active cubane derivatives, a method for preparing the 
same, pharmaceutical compositions comprising the compounds and a method of treating diseases 
of the Central Nervous System (CNS) therewith. 

BACKGROUND OF THE INVENTION 

The acidic amino acid L-Glutamate is recognized as the major excitatory neurotransmitter in the 
CNS. The receptors that respond to L-Glutamate are called excitatory amino acid receptors. The 
excitatory amino acid receptors are thus of great physiological importance, playing a role in a 
variety of physiological processes, such as long-term potentiation (learning and memory), the 
development of synaptic plasticity, motor control, respiratory and cardiovascular regulation, and 
sensory perception. 

Excitatory amino acid receptors are classified into two general types and both are activated by 
L-Glutamic acid and its analogs. Receptors activated by L-Glutamic acid that are directly coupled 
to the opening of cation channels in the cell membrane of the neurons are termed "ionotropic." 
This type of receptor has been subdivided into at least three subtypes, which are defined by the 
depolarizing actions of the selective agonists N-Methyl-D-aspartate (NMD A), cc-Amino-3- 
hydroxy-5-methylisoxazole-4-propionic acid (AMP A), and Kainic acid (KA). 

The second general type of receptor is the G-protein or second messenger-linked "metabotropic" 
excitatory amino acid receptor. This second type is coupled to multiple second messenger 
systems that lead to enhanced phosphoinositide hydrolysis, activation of phospholipase D, 
increases or decreases in cAMP formation, and changes in ion channel function (Schoepp and 
Conn, Trends in 

Pharmacological Science, 14:13, 1993). Both types of receptors appear not only to mediate 
normal synaptic transmission along excitatory pathways but also to participate in the modification 
of synaptic connections during development and throughout life. 

So far eight different clones of the G-protein-coupled metabotropic glutamate receptors 
(mGluRs) have been identified (Knopfel et al., 1995, J. Med Chem., 33, 1417-1426). These 
receptors function to modulate the presynaptic release of L-Glutamate, and the postsynaptic 
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sensitivity of the neuronal cell to L-Glutamate excitation. Based on pharmacology, sequence 
homology and the signal transduction pathway that they activate, the mGluRs have been 
subclassified into three groups. The mGluRl and mGluR5 receptors form group I. They are 
coupled to hydrolysis of phosphatidylinositol (PI) and are selectively activated by (RS)-3,5- 
dihydroxyphenylglycine (Brabet et al., Neuropharmacology, 34, 895-903, 1995). Group II 
comprises mGluR 2 and mGluR? receptors. They are negatively coupled to adenylate cyclase and 
are selectively activated by (25J , /?,2 , /?,3 , 7?)-2-(2,3-dicari)oxycyclopropyl)glycine (DCG-IV; 
Hayashi et al., Nature, 366, 687-690, 1993). Finally, the mGluRt, mGluR*, mGluR 7 and mGluRg 
receptors belong to group III. They are also negatively coupled to adenylate cyclase and are 
selectively activated by (L)-2-amino-4-phosphonobutyric acid (L-AP4; Knopfel et al., 1995, 
Med Chem., 38, 1417-1426). 

Agonists and antagonists of these receptors are believed useful for the treatment of acute and 
chronic neurodegenerative conditions, and as antipsychotic, anticonvulsant, analgesic, anxiolytic, 
antidepressant, and anti-emetic agents. Antagonists and agonists of neural receptors are classified 
as selective for a particular receptor or receptor subtype, or as non-selective. Antagonists may 
also be classified as competitive or non-competitive. While competitive and non-competitive 
antagonists act on the receptors in a different manner to produce similar results, selectivity is 
based upon the observations that some antagonists exhibit high levels of activity at a single 
receptor type, and little or no activity at other receptors. In the case of receptor-specific diseases 
and conditions, the selective agonists and antagonists are of the most value. 

Compounds such as L-Glutamic acid, Quisqualic acid and Ibotenic acid are known to act as non- 
selective agonists on the mGluRs, while selective ionotropic glutamate receptor agonists such 
as NMD A, AMPA and Kainic acid have little effect on these receptors. Recently a few 
compounds without activity at the ionotropic glutamate receptors but with activity at the 
metabotropic receptors have been identified. These include /raws-ACPD (tram (lS,3R-\- 
aminocyclopentane-l,3-dicarboxylic acid), the partial agonist L-AP3 (L-2-amino-3- 
phosphonopropionic acid; Palmer, E., Monaghan, D. T. and Cotman, C. W. Eur. J. Pharmacol. 
166, 585-587, 1989; Desai, M. A. and Conn, P. J. Neuroscience Lett, 109, 157-162, 1990; 
Schoepp, D. D. et al., J. Neurochemistry. 56, 1789-1796, 1991; Schoepp D. D. and Johnson B. 
G. J. Neurochemistry 53, 1865-1613, 1989), L-AP4 (L-2-amino-4-phosphonobutyric acid) which 
is an agonist at the mGluR4 receptor (Thomsen C. et al., Eur. J. Pharmacol 227, 361-362, 
1992) and some of the isomers of CCG (2-(carboxycyclopropyl)glycines) especially L-CCG-I and 
L-CCG-II (Hayashi, Y. et al., Br. J. Pharmacol. 107, 539-543, 1992). 
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Very few selective antagonists at the mGluRs have been reported. However some phenylglycine 
derivatives, i-4CPG (S-4-carboxyphenylglycine), 6-4C3HPG (S-4-carboxy -3- 
hydroxyphenylglycine) and S-MCPG (S-a-methyl-4-carboxyphenylglycine) have been reported 
to antagonize trans-ACPD- stimulated phosphoinositide hydrolysis and thus possibly act as 
antagonists at mGluRi and mGluR 5 subtypes (Thomsen, C. and Suzdak, P, Eur, J. Pharmacol. 
245, 299, 1993). 

Research directed towards mGluRs is beginning to show that mGluRs may be implicated in a 
number of normal as well as pathological mechanisms in the brain and spinal cord. For example, 
activation of these receptors on neurons can: influence levels of alertness, attention and 
cognition; protect nerve cells from excitotoxic damage resulting from ischemia, hypoglycemia 
and anoxia; modulate the level of neuronal excitation; influence central mechanisms involved in 
controlling movement; reduce sensitivity to pain; reduce levels of anxiety. 

The use of compounds active at the mGluRs for the treatment of epilepsy is corroborated by 
investigations of the influence of trans-ACPD on the formation of convulsions (Sacaan and 
Schoepp, Neuroscience Lett. 139, 77, 1992) and that phosphoinositide hydrolysis mediated via 
mGluR is increased after kindling experiments in rats (Akiyama et al. Brain Res. 569, 71, 1992). 
Trans- ACPD has been shown to increase release of dopamine in the rat brain, which indicates 
that compounds acting on the mGluRs might be usable for the treatment of Parkinson's disease 
and Huntington's Chorea (Sacaan et al., J. Neurochemistry 59, 245, 1992). 

Trans-ACPD has also been shown to be a neuroprotective agent in a medial cerebral artery 
occlusion (MCAO) model in mice (Chiamulera et al. Eur, J. Pharmacol. 215, 353, 1992), and 
it has been shown to inhibit NMDA-induced neurotoxicity in nerve cell cultures (Koh et al., 
Proc, Natl. Acad Sci. USA 88, 943 1, 1991). The mGluR-active compounds are also implicated 
in the treatment of pain. This is proved by the fact that antagonists at the metabotropic glutamate 
receptors antagonize sensory synaptic response to noxious stimuli of thalamic neurons (Eaton, 
S. A. et al., Eur. ./ Neuroscience, 5, 186, 1993). 

The use of compounds active at the mGluRs for treatment of neurological diseases such as senile 
dementia have also been indicated by the findings of Zheng and Gallagher {Neuron 9, 163, 1992) 
and Bashir et al. {Nature 363, 347, 1993) who demonstrated that activation of mGluRs is 
necessary for the induction of long-term potentiation (LTP) in nerve cells (septal nucleus, 
hippocampus) and the finding that long-term depression is induced after activation of 
metabotropic glutamate receptors in cerebellar granule cells (Linden et al. Neuron 7, 81, 1991). 
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Thus compounds that demonstrate either activating or inhibiting activity at mGluRs have 
therapeutic potential for the treatment of neurological disorders. These compounds have 
application as new drugs to treat both acute and chronic neurological disorders, such as stroke 
and head injuries; epilepsy; movement disorders associated with Parkinson's disease and 
Huntington's chorea; pain; anxiety; AIDS dementia; and Alzheimer's disease. Since the mGluRs 
can influence levels of alertness, attention and cognition; protect nerve cells from excitotoxic 
damage resulting from ischemia, hypoglycemia and anoxia; modulate the level of neuronal 
excitation; influence central mechanisms involved in controlling movement; reduce sensitivity to 
pain; and reduce levels of anxiety, these compounds can also be used to influence these situations 
and also find use in learning and memory deficiencies such as senile dementia. mGluRs may also 
be involved in addictive behavior, alcoholism, drug addiction, sensitization and drug withdrawal 
(Science, 280:2045, 1998), so compounds acting at mGluRs might also be used to treat these 
disorders. 

The current pharmaceutical options for treating neurological disorders tend to be very general 
and non-specific in their actions in that, although they may reduce the clinical symptoms 
associated with a specific neurological disorder, they may also negatively impact normal function 
of the central nervous system of patients. Thus new cellular targets and drugs that are more 
specific in their actions require to be identified and developed and thus a need remains for 
chemical compounds that demonstrate specific binding characteristics towards mGluRs. 
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SUMMARY OF THE INVENTION 



It is an object of this invention to provide novel compounds that demonstrate activity at the 



various metabotropic glutamate receptors (mGluRs). In particular, a compound of Formula I 
and stereoisomers thereof: 



Rl can be an acidic group selected from the group consisting of carboxyl, phosphono, 
phosphino, sulfono, sulfino, borono, tetrazol, isoxazol, -CH 2 -carboxyl, -CH 2 -phosphono, -CH 2 - 
phosphino, -CH 2 -sulfono, -CH 2 -sulfino, -CH 2 -borono, -CH 2 -tetrazol, -CH 2 -isoxazol and higher 
homologues thereof; 

R2 can be a basic group selected from the group consisting of 1° amino, 2° amino, 3° amino, 
quaternary ammonium salts, aliphatic 1° amino, aliphatic 2° amino, aliphatic 3° amino, aliphatic 
quaternary ammonium salts, aromatic 1° amino, aromatic 2° amino, aromatic 3° amino, aromatic 
quaternary ammonium salts, imidazoi, guanidino, boronoamino, allyl, urea, thiourea; 

R3 can be H, aliphatic, aromatic or heterocyclic; 

R4 can be an acidic group selected from the group consisting of carboxyl, phosphono, 
phosphino, sulfono, sulfino, borono, tetrazol, isoxazol; 

and pharmaceutical^ acceptable salts thereof. 

DETAILED DESCRIPTION OF THE INVENTION 

The terms and abbreviations used in the instant examples have their normal meanings unless 
otherwise designated. For example MO C" refers to degrees Celsius; "N" refers to normal or 
normality; "mmol" refers to millimole or millimoles; "g" refers to gram or grams; "mL" means 
milliliter or milliliters; "M" refers to molar or molarity; "MS" refers to mass spectrometry; "IR" 




(I) 



R3 



wherein: 



5 



SUBSTITUTE SHEET (RULE 26) 



WO 99/54280 



PCT/CA99/0031 1 



refers to infrared spectroscopy; and "NMR" refers to nuclear magnetic resonance spectroscopy. 

As would be understood by the skilled artisan throughout the synthesis of the compounds of 
Formula I, it may be necessary to employ an amino-protecting group or a carboxy-protecting 
group in order to reversibly preserve a reactively susceptible amino or carboxy functionality 
while reacting other functional groups on the compound. 

Examples of such amino-protecting groups include formyl, trityl, phthalimido, trichloroacetyl, 
chloroacetyl, bromoacetyl, iodoacetyl, and urethane-type blocking groups such as 
benzyloxycarbonyl, 4-phenylbenzyloxycarbonyl, 2-methylbenzyloxycarbonyl, 

4-methoxybenzyloxycarbonyl, 4- fluorobenzyloxycarbonyl, 4-chlorobenzyloxycarbonyl, 

3- chlorobenzyloxycarbonyl, 2-chlorobenzyloxycarbonyl, 2,4-dichlorobenzyloxycarbonyl, 

4- bromobenzyloxycarbonyl, 3-bromobenzyloxycarbonyl, 4-nitrobenzyloxycarbonyl, 
4-cyanobenzyloxycarbonyl, /-butoxycarbonyl, 2-(4-xenyl)-isopropoxycarbonyl, 
1 , 1 -diphenyleth- 1 -yloxycarbonyl, 1 , 1 -diphenylprop- 1 -yloxycarbonyl, 
2-phenylprop-2-yloxycarbonyl, 2-(/?-toluyl)-prop-2-yloxycarbonyl, cyclopentanyloxy-carbonyl, 
1 -methylcyclopentanyloxycarbonyl, cyclohexanyloxycarbonyl, 1 -methylcyclohexanyloxycarbonyl, 
2-methylcyclohexanyloxycarbonyl, 2-(4-toluylsulfono)-ethoxycarbonyl, 
2-(methylsulfono)ethoxycarbonyl, 2-(triphenylphosphino)-ethoxycarbonyl, 
fluorenylmethoxycarbonyl ("FMOC"), 2-(trimethylsilyl)ethoxycarbonyl, allyloxycarbonyl, 
1 -(trimethylsilylmethyl)prop- 1 -enyloxycarbonyl, 5-benzisoxalylmethoxycarbonyl, 
4-acetoxybenzyloxycarbonyl, 2,2,2-trichloroethoxycarbonyl, 2-ethynyl-2-propoxycarbonyl, 
cyclopropylmethoxycarbonyl, 4-(decycloxy)benzyloxycarbonyl, isobornyloxycarbonyl, 
1-piperidyloxycarbonlyl and the like; benzoylmethylsulfono group, 2-nitrophenylsulfenyl, 
diphenylphosphine oxide and like amino-protecting groups. The species of amino-protecting 
group employed is not critical so long as the derivatized amino group is stable to the condition 
of subsequent reaction(s) on other positions of the intermediate molecule and can be selectively 
removed at the appropriate point without disrupting the remainder of the molecule including any 
other amino-protecting group(s). Preferred amino-protecting groups are /-butoxycarbonyl 
(*-BocX allyloxycarbonyl and benzyloxycarbonyl (CbZ). Further examples of these groups are 
found in E. Haslam in Protective Groups in Organic Synthesis, McOmie, J. G. W., Ed. 1973, 
at Chapter 2; and Greene, T.W. and Wuts, P. G. M, Protective Groups in Organic Synthesis, 
Second edition; Wiley-Interscience: 1991; Chapter 7. 

Examples of such carboxyl-protecting groups include methyl, p-nitrobenzyl, p-methylbenzyl, 
/?-methoxybenzyl, 3,4-dimethoxybenzyl, 2,4-dimethoxybenzyl, 2,4,6-trimethoxybenzyl, 
2,4,6-trimethylbenzyl, pentamethylbenzyl, 3 ,4-methylenedioxybenzyl, benzhydryl, 
4,4*-dimethoxybenzhydryl, 2,2\4,4'-tetramethoxybenzhydryl, /-butyl, /-amyl, trityl, 
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4-methoxytrityl, 4,4'-dimethoxytrityl, 4,4\4 ,, -trimethoxytrityl, 2-phenylprop-2-yl, trimethylsilyl, 
/-butyldimethylsilyl, phenacyl, 2,2,2-trichloroethyl, P-(di(n-butyl)methylsilyl)ethyl, 
p-toluenesulfonoethyl, 4-nitrobenzyIsulfonoethyl, allyl, cinnamyl, 

l-(trimethylsilylmethyl)prop-l-en-3-yl and like moieties. Preferred carboxyt-protecting groups are 
allyl, benzyl and /-butyl Further examples of these groups are found in E. Haslam, supra, at Chapter 
5; and T. W. Greene and P. G. M Wuts, supra, at Chapter 5. 

The present invention provides a compound of the formula: 

R 1 




wherein: 

Rl can be an acidic group selected from the group consisting of carboxyl, phosphono, phosphino, 
sulfono, sulfino, borono, tetrazol, isoxazol, -CH 2 -carboxyl, -CH 2 -phosphono, -CH 2 -phosphino, - 
CH 2 -sulfono, -CH 2 -sulfmo, -CH 2 -borono, -CH 2 -tetrazol, -CH 2 -isoxazol and higher analogues 
thereof; 

R2 can be a basic group selected from the group consisting of 1° amino, 2° amino, 3° amino, 
quaternary ammonium salts, aliphatic 1° amino, aliphatic 2° amino, aliphatic 3° amino, aliphatic 
quaternary ammonium salts, aromatic 1° amino, aromatic 2° amino, aromatic 3° amino, aromatic 
quaternary ammonium salts, imidazol, guanidino, boronoamino, allyl, urea, thiourea ; 

R3 can be H, aliphatic, aromatic or heterocyclic; 

R4 can be an acidic group selected from the group consisting of carboxyl, phosphono, phosphino, 
sulfono, sulfino, borono, tetrazol, isoxazol; 

and pharmaceutical^ acceptable salts thereof 
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In particular compounds wherein the compound of Formula 1 is selected from the group consisting 



of: 




(I) 




R3 



wherein; 



Rl is COOH 
R2 is COOH 

R3 can be H or methyl or xanthyl or thioxanthyl and 
R4 is NH 2 

While all of the compounds of Formula 1 are believed to demonstrate activity at the metabotropic 
glutamate receptors (mGluRs), certain groups of Formula 1 compounds are more preferred for such 
use. 

As noted above, this invention includes the pharmaceutical^ acceptable salts of the compounds 
defined by Formula I. A compound of this invention can possess a sufficiently acidic, a sufficiently 
basic, or both functional groups, and accordingly react with any of a number of organic and 
inorganic bases, and inorganic and organic acids, to form a pharmaceutically acceptable salt. 

The term "pharmaceutically acceptable salt" as used herein, refers to salts of the compounds of the 
above formula which are substantially non-toxic to living organisms. Typical pharmaceutically 
acceptable salts include those salts prepared by reaction of the compounds of the present invention 
with a pharmaceutically acceptable mineral or organic acid or an organic or inorganic base. Such 
salts are known as acid addition and base addition salts. 

Acids commonly employed to form acid addition salts are inorganic acids such as hydrochloric acid, 
hydrobromic acid, hydriodic acid, sulfuric acid, phosphoric acid, and the like, and organic acids such 
as p-toluenesulfonic acid, methanesulfonic acid, oxalic acid, />bromophenylsulfonic acid, carbonic 
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acid, succinic acid, citric acid, benzoic acid, acetic acid, and the like. Examples of such 
pharmaceutical^ acceptable salts are the sulfate, pyrosulfate, bisulfate, sulfite, bisulfite, phosphate, 
monohydrogenphosphate, dihydrogenphosphate, metaphosphate, pyrophosphate, bromide, iodide, 
acetate, propionate, decanoate, caprylate, acrylate, formate, hydrochloride, dihydrochloride, 
isobutyrate, caproate, heptanoate, propiolate, oxalate, malonate, succinate, suberate, sebacate, 
fumarate, maleate, butyne-l,4-dioate, hexyne-l,6-dioate, benzoate, chlorobenzoate, methylbenzoate, 
hydroxybenzoate, methoxybenzoate, phthalate, xylenesulfonate, phenyl acetate, phenylpropionate, 
phenylbutyrate, citrate, lactate, gamma-hydroxybutyrate, glycolate, tartrate, methanesulfonate, 
propanesulfonate, naphthalene- 1 -sulfonate, napththalene-2-sulfonate, mandelate and the like. 
Preferred pharmaceutical^ acceptable acid addition salts are those formed with mineral acids such 
as hydrochloric acid and hydrobromic acid, and those formed with organic acids such as maleic acid 
and methanesulfonic acid. 

Salts of amine groups may also comprise quarternary ammonium salts in which the amino nitrogen 
carries a suitable organic group such as an alkyl, alkenyl, alkynyl, or aralkyl moiety. 

Base addition salts include those derived from inorganic bases, such as ammonium or alkali or 
alkaline earth metal hydroxides, carbonates, bicarbonates, and the like. Such bases useful in 
preparing the salts of this invention thus include sodium hydroxide, potassium hydroxide, ammonium 
hydroxide, potassium carbonate, sodium carbonate, sodium bicarbonate, potassium bicarbonate, 
calcium hydroxide, calcium carbonate, and the like. The potassium and sodium salt forms are 
particularly preferred. 

It should be recognized that the particular counterion forming a part of any salt of this invention is 
usually not of a critical nature, so long as the salt as a whole is pharmacologically acceptable and as 
long as the counterion does not contribute undesired qualities to the salt as a whole. This invention 
further encompasses the pharmaceutical^ acceptable solvates of the compounds of Formula I. Many 
of the Formula I compounds can combine with solvents such as water, methanol, ethanol and 
acetonitrile to form pharmaceutical^ acceptable solvates such as the corresponding hydrate, 
methanolate, ethanolate and acetonitrilate. 

The compounds of the present invention have multiple asymmetric (chiral) centers. As a 
consequence of these chiral centers, the compounds of the present invention occur as racemates, 
mixtures of enantiomers and as individual enantiomers, as well as diastereomers and mixtures of 
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diastereomers. All asymmetric forms, individual isomers and combinations thereof, are within the 
scope of the present invention. 

The prefixes "R" and "S" are used herein as commonly used in organic chemistry to denote the 
absolute configuration of a chiral center, according to the Cahn-Ingold-Prelog system. The 
stereochemical descriptor R (rectus) refers to that configuration of a chiral center with a clockwise 
relationship of groups tracing the path from highest to second-lowest priorities when viewed from 
the side opposite to that of the lowest priority group. The stereochemical descriptor .V (sinister) 
refers to that configuration of a chiral center with a counterclockwise relationship of groups tracing 
the path from highest to second-lowest priority when viewed from the side opposite to the lowest 
priority group. The priority of groups is decided using sequence rules as described by Cahn et al., 
Angew. Chem., 78, 413-447, 1966 and Prelog, V. and Helmchen, G.; Angew. Cham. hit. Ed Eng., 
21, 567-583, 1982). 

In addition to the US system used to designate the absolute configuration of a chiral center, the 
older D-L system is also used in this document to denote relative configuration, especially with 
reference to amino acids and amino acid derivatives. In this system a Fischer projection of the 
compound is oriented so that carbon- 1 of the parent chain is at the top. The prefix "d" is used to 
represent the relative configuration of the isomer in which the functional (determining) group is on 
the right side of the carbon atom at the chiral center and "L'\ that of the isomer in which it is on the 
left. 

As would be expected, the stereochemistry of the Formula 1 compounds is critical to their potency 
as agonists or antagonists. The relative stereochemistry is established early during synthesis, which 
avoids subsequent stereoisomer separation problems later in the process. Further manipulation of 
the molecules then employs stereospecific procedures so as to maintain the preferred chirality. The 
preferred methods of this invention are the methods employing those preferred compounds. 

Non-toxic metabolically-labile esters and amides of compounds of Formula I are ester or amide 
derivatives of compounds of Formula I that are hydrolyzed in vivo to afford said compounds of 
Formula I and a pharmaceutical^ acceptable alcohol or amine. Examples of metabolically-labile 
esters include esters formed with (1-6C) alkanols in which the alkanol moiety may be optionally 
substituted by a (1-8C) alkoxy group, for example methanol, ethanol, propanol and methoxyethanol. 
Examples of metabolically-labile amides include amides formed with amines such as methylamine. 
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According to another aspect, the present invention provides a process for the preparation of a 
compound of Formula I, or a pharmaceutical^ acceptable metabolically-labile ester or amide thereof, 
or a pharmaceutical^ acceptable salt thereof, which comprises: 



(a) hydrolyzing a compound of formula: 




in which Rl is defined as above, R5 represents a hydrogen atom or an acyl group and R4 has the 
meaning defined above. Preferred values for R5 are hydrogen and (2-6C) alkanoyl groups, such as 
acetyl. 

(b) hydrolyzing a compound of formula: 



R 



R 4 
R 7 



O 



o 



N — R 6 



(III) 



in which R6 and R7 each independently represent a hydrogen atom, a (2-6C) alkanoyl group, a 
(1-4C) alkyl group, a (3-4C) alkenyl group or a phenyl (1-4C) alkyl group in which the phenyl is 
unsubstituted or substituted by halogen, (1-4C) alkyl or (1-4C) alkoxy, or a salt thereof; or: 
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(c) deprotecting a compound of formula: 



R 1 





(I V ) 



CO.R8 



R 4 



N H R 9 



in which R8 represents a hydrogen atom or a carboxyl protecting group, or a salt thereof, and R9 
represents a hydrogen atom or a nitrogen protecting group; 

whereafter, if necessary and/or desired: 

(i) resolving the compound of Formula I; 

(ii) converting the compound of Formula I into a non-toxic metabolically-labile ester or amide 
thereof; 

and/or; 

(iii) converting the compound of Formula 1 or a non-toxic metabolically-labile ester or amide thereof 
into a pharmaceutical^ acceptable salt thereof. 

The protection of carboxylic acid and amine groups is generally described in McOmie, Protecting 
Groups in Organic Chemistry, Plenum Press, NY, 1973, and Greene and Wuts, Protecting Groups 
in Organic Synthesis, 2nd. Ed., John Wiley & Sons, NY, 1991. Examples of carboxyl protecting 
groups include alkyl groups such as methyl, ethyl, /-butyl and /-amyl; aralkyl groups such as benzyl, 
4-nitrobenzyl, 4-methoxybenzyl, 3,4-dimethoxybenzyl, 2,4-dimethoxybenzyl, 

2,4,6-trimethoxybenzyl, 2,4,6-trimethylbenzyl, benzhydryl and trityl; silyl groups such as 
trimethylsilyl and /-butyldimethylsilyl; and allyl groups such as ally] and 
1 -(trimethylsilylmethyl)prop- 1 -en-3-yL 

Examples of amine-protecting groups include acyl groups, such as groups of formula R9 CO in 
which R9 represents (1-6C) alkyl, (3- 10C) cycioalkyl, phenyl(l-6C) alkyl, phenyl(l-6C) alkoxy, or 
a (3-1 0C) cycloalkoxy, wherein a phenyl group may optionally be substituted by one or two 
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substituents independently selected from amino, hydroxy, nitro, halogeno, (1-6C) alkyl, (1-6C) 
alkoxy, carboxyl, (1-6C) alkoxycarbonyl, carbamoyl, (1-6C) alkanoylamino, (1-6C) 
alkylsulphonylamino, phenylsulphonylamino, toluenesulphonylamino, and (1-6C) fluoroalkyl. 

The compounds of Formula II are conveniently hydrolyzed in the presence of an acid, such as 
hydrochloric acid or sulfuric acid, or a base, such as an alkali metal hydroxide, for example sodium 
hydroxide. The hydrolysis is conveniently performed in an aqueous solvent such as water and at a 
temperature in the range of 50 to 200 °C. 

The compounds of Formula III are conveniently hydrolyzed in the presence of a base, for example 
an alkali metal hydroxide such as lithium, sodium or potassium hydroxide, or an alkaline earth metal 
hydroxide such as barium hydroxide. Suitable reaction media include water. The temperature is 
conveniently in the range of from 50 to 150 °C. 

The compounds of Formula IV may be deprotected by a conventional method. Thus, an aikyl 
carboxyl protecting group may be removed by hydrolysis. The hydrolysis may conveniently be 
performed by heating the compound of Formula V in the presence of either a base, for example an 
alkali metal hydroxide such as lithium, sodium or potassium hydroxide, or an alkaline metal 
hydroxide, such as barium hydroxide, or an acid such as hydrochloric acid. The hydrolysis is 
conveniently performed at a temperature in the range from 10 to 300 °C. An aralkyl carboxyl 
protecting group may conveniently be removed by hydrogenolysis. The hydrogenolysis may 
conveniently be effected by reacting the compound of Formula V with hydrogen in the presence of 
a Group VIII metal catalyst, for example a palladium catalyst such as palladium on charcoal. 
Suitable solvents for the reaction include alcohols such as ethanol. The reaction is conveniently 
performed at a temperature in the range from 0 to 100 °C. An acyl, amine protecting group is also 
conveniently removed by hydrolysis, for example as described for the removal of an alkyl carboxyl 
protecting group. 

The compounds of Formula II may be prepared by reacting a compound of formula: 



R 1 




(V) 



R 4 
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with an alkali metal cyanide, such as lithium, sodium or potassium cyanide, and an ammonium halide, 
such as ammonium chloride, conveniently in the presence of ultrasound. Thus, the ammonium halide 
is mixed with chromatography grade alumina in the presence of a suitable diluent such as 
acetonitrile. The mixture is then irradiated with ultrasound, whereafter the compound of Formula 
V is added, and the mixture is again irradiated. The alkali metal cyanide is then added, followed by 
further irradiation with ultrasound. 

Individual isomers of compounds of Formula II may be made by reacting a compound of the 
Formula V with the stereoisomers of the chiral agent (.S> and (7?)-phienylgIycinol and a reactive 
cyanide such as trimethylsilyl cyanide. 

The compounds of Formula III may be prepared by reacting a compound of Formula V with an 
alkali metal cyanide, such as lithium, sodium or potassium cyanide, and ammonium carbonate or 
ammonium carbamate. Convenient solvents include water, dilute ammonium hydroxide, alcohols 
such as methanol, aqueous methanol and aqueous ethanol. Conveniently the reaction is performed 
at a temperature in the range of from 10 to 1 50 °C. If desired, the compounds of Formula III may 
then be alkylated, for example using an appropriate compound of formula R6 CI and/or R7C1 

The compounds of Formula V can be prepared by reacting a compound of formula: 



with a chlorinating agent such as thionyl chloride or phosphorous(V) chloride, followed by reaction 
with R4X wherein R4 has the meaning defined above and X is halogen or OH. 




(VI) 



CO,H 
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The compounds of Formula V can also be prepared by oxidizing a compound of formula 

(VII) 



CH 2 OH 



under Swern conditions. 

The compounds of Formula VI can be prepared from compounds of formula: 



(VIII) 



CO^R 



by reduction. 

If Rl is C0 2 Me, this compound can be bought commercially. If Rl is another substituent, the 
compound of Formula VIII can be made using standard procedures. 

Many of the intermediates described herein, for example the compounds of Formula II, III and IV 
are believed to be novel, and are provided as further aspects of the invention. 

The Formula I compounds of the present invention are agonists or antagonists at certain 
metabotropic excitatory amino acid receptors (mGluRs). Therefore, another aspect of the present 
invention is a method of affecting mGluRs in mammals, which comprises administering to a mammal 
requiring modulated excitatory amino acid neurotransmission a pharmacologically-effective amount 
of a compound of Formula I. The term "pharmacologically-effective amount" is used to represent 
an amount of the compound of the invention that is capable of affecting the mGluRs. By affecting, 
a compound of the invention is acting as an agonist or antagonist. When a compound of the 
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invention acts as an agonist, the interaction of the compound with the excitatory amino acid receptor 
mimics the response of the interaction of this receptor with its natural ligand (i.e. L-Glutamic acid). 
When a compound of the invention acts as an antagonist, the interaction of the compound with the 
excitatory amino acid receptor blocks the response of the interaction of this receptor with its natural 
ligand (i.e. L-Glutamic acid). 

The particular dose of compound administered according to this invention will, of course, be 
determined by the particular circumstances surrounding the case, including the compound 
administered, the route of administration, the particular condition being treated, and similar 
considerations. The compounds can be administered by a variety of routes including oral, rectal, 
transdermal, subcutaneous, intravenous, intramuscular, or intranasal routes. Alternatively, the 
compound may be administered by continuous infusion. A typical daily dose will contain from about 
0.001 mg/kg to about 100 mg/kg of the active compound of this invention. Preferably, daily doses 
will be about 0.05 mg/kg to about 50 mg/kg, more preferably from about 0. 1 mg/kg to about 20 
mg/kg. 

A variety of physiological functions have been shown to be subject to influence by excessive or 
inappropriate stimulation of excitatory amino acid transmission. The Formula I compounds of the 
present invention are believed (through their interactions at the mGluRs) to have the ability to treat 
a variety of neurological disorders in mammals associated with this condition, including acute 
neurological disorders such as cerebral deficits subsequent to cardiac bypass surgery and grafting, 
cerebral ischemia (e.g. stroke and cardiac arrest), spinal cord trauma, head trauma, perinatal hypoxia, 
and hypoglycemic neuronal damage. The Formula I compounds are believed to have the ability to 
treat a variety of chronic neurological disorders, such as Alzheimer's disease, Huntington's Chorea, 
amyotrophic lateral sclerosis, AIDS-induced dementia, ocular damage and retinopathy, cognitive 
disorders, and idiopathic and drug-induced Parkinson's disease. The present invention also provides 
methods for treating these disorders which comprises administering to a patient in need thereof an 
effective amount of a compound of Formula I. 

The Formula 1 compounds of the present invention (through their interactions at the mGluRs) are 
also believed to have the ability to treat a variety of other neurological disorders in mammals that 
are associated with glutamate dysfunction, including muscular spasms, convulsions, migraine 
headaches, urinary incontinence, psychosis, drug tolerance, withdrawal, and cessation (i.e. opiates, 
benzodiazepines, nicotine, cocaine, or ethanol), smoking cessation, anxiety and related disorders 
(e.g. panic attack), emesis, brain edema, chronic pain, sleep disorders, Tourette's syndrome, attention 
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deficit disorder, and tardive dyskinesia. Therefore, the present invention also provides methods for 
treating these disorders which comprise administering to a patient in need thereof an effective 
amount of the compound of Formula L 

The Formula I compounds of the present invention (through their interactions at the mGluRs) are 
also believed to have the ability to treat a variety of psychiatric disorders, such as schizophrenia, 
anxiety and related disorders (e.g. panic attack), depression, bipolar disorders, psychosis, and 
obsessive compulsive disorders. The present invention also provides methods for treating these 
disorders which comprises administering to a patient in need thereof an effective amount of a 
compound of Formula 1. 

The pharmacological properties of the compounds of the invention can be illustrated by determining 
their effects in various functional in vitro assays. The compounds of the invention were studied in 
an in vitro assay that measured the inhibition of PI hydrolysis or the formation of cyclic AMP in 
Chinese hamster ovary cell lines expressing mGluRia, mGIuR? and mGluR4a cloned metabotropic 
glutamate receptors. 



So far eight different clones of the G-protein-coupled mGluRs have been identified (Knopfel et al., 
1995, J. Med. Chem., 38, 1417-1426). These receptors function to modulate the presynaptic release 
of L-Glutamate, and the postsynaptic sensitivity of the neuronal cell to L-Glutamate excitation. 
Based on pharmacology, sequence homology and the signal transduction pathway that they activate, 
the mGluRs have been subclassified into three groups. The mGluRi and mGluRs receptors form 
group I. They are coupled to hydrolysis of phosphatidylinositol (PI) and are selectively activated by 
(/? i S)-3,5-dihydroxyphenylglycine (Brabet et aL, Neuropharmacology, 34, 895-903, 1995). Group 
II comprises mGluR 2 and mGluR? receptors. They are negatively coupled to adenylate cyclase and 
are selectively activated by (2.V,r^2 , /?,3 , /?)-2-(2,3-dicarboxycyclopropyl)glycine (DCG-IV; Hayashi 
et al., Nature, 366, 687-690, 1993). Finally, the mGluR^ mGluR^ mGluR 7 and mGluR 8 receptors 
belong to group III. They are also negatively coupled to adenylate cyclase and are selectively 
activated by (.S>2-amino-4-phosphonylbutyric acid (L-AP4; Knopfel et al., 1995, J. Med. Chem., 
38, 1417-1426). 



Principle 
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Cell Culture 

The Chinese hamster ovary cell lines expressing mGluRi«, mGluR 2 and mGluKia receptors have been 
described previously (Aramori and Nakanishi, Neuron 8, 757-765; 1992; Tanabe et al, Neuron 8, 
169-179, 1992; Tanabe et al., J. NeuroscL 13, 1372-1378). They were maintained at 37°C in a 
humified 5% C0 2 incubator in Dulbecco's Modified Eagle Medium (DMEM) containing a reduced 
concentration of (S)-glutamine (2mM) and were supplemented with 1% proline, penicillin (100 
U/ml), streptomycin ( 1 00 mg/ml) and 10% dialyzed fetal calf serum (all GIBCO, Paisley). Two days 
before assay 1 .8 x 10 6 cells were divided into the wells of 24 well plates. 



Second Messenger Assays 

PI hydrolysis was measured as described previously (Hayashi et ah, Br, ./ Pharmacol. 107, 539-543, 
1992; Hayashi et al., 7. NeuroscL 14, 3370-3377, 1994). Briefly, the cells were labeled with 
[ 3 H]inositol (2 p.Ci/ml) 24 h prior to the assay. For agonist assays, the cells were incubated with 
ligand dissolved in phosphate-buffered saline (PBS)-LiCl for 20 min, and agonist activity was 
determined by measurement of the level of ? H-labeled mono-, bis- and tris-inositol phosphates by 
ion-exchange chromatography. For antagonist assays, the cells were preincubated with the ligand 
dissolved in PBS-LiCl for 20 min prior to incubation with ligand and 10 \xM (L)-Glutamic acid for 
20 min. The antagonist activity was then determined as the inhibitory effect of the (L)-Glutamic acid- 
mediated response. The assay of cyclic AMP formation was performed as described previously 
(Hayashi et ah, Br. J. Pharmacol 107, 539-543, 1992; Hayashi et al., ./. NeuroscL 14, 3370-3377, 
1994). Briefly, the cells were incubated for 10 min in PBS containing the ligand and 10 \xM forskolin 
and ImM 3-Isobutyl-l-methyxanthine (IBMX; both Sigma, St. Louis, MO, USA). The agonist 
activity was then determined as the inhibitory effect of the forskolin-induced cyclic AMP formation. 
For antagonist assay, the cells were preincubated with ligand dissolved in PBS containing 1 mM 
IBMX for 20 min prior to a 10 min incubation in PBS containing the ligand, 20 jaM (mGluR 2 ) or 50 
HM (mGluRaa), (L)-Glutamic acid, 10 \xM Forskolin and 1 mM IBMX. 



Some of the compounds of the invention were tested for antagonist activity against Chinese hamster 



Results 
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ovary cell lines expressing mGluRi a , mGluR 2 and mGluR^ cloned mGluRs at a concentration of 
1 mM. When tested as antagonists of the increase in PI hydrolysis evoked by 10 pJVl (L)-Glutamic 
acid, some compounds of the invention effectively blocked this increase in PI hydrolysis by an action 
at the mGluRja receptor. The data for one of the compounds of the invention is shown in Figure 1 
below. 

According to another aspect, the present invention provides a method of modulating one or more 
metabotropic glutamate receptor functions in a warm-blooded mammal which comprises 
administering an effective amount of a compound of Formula I, or a non-toxic metabolically-labile 
ester or amide thereof, or a pharmaceutically acceptable salt thereof 

The compounds of the present invention are preferably formulated prior to administration. 
Therefore, another aspect of the present invention is a pharmaceutical formulation comprising a 
compound of Formula I and a pharmaceutical ly-acceptable carrier, diluent, or excipient. The present 
pharmaceutical formulations are prepared by known procedures using well-known and readily 
available ingredients. In making the compositions of the present invention, the active ingredient will 
usually be mixed with a carrier, or diluted by a carrier, or enclosed within a carrier, and may be in 
the form of a capsule, sachet, paper, or other container. When the carrier serves as a diluent, it may 
be a solid, semi-solid, or liquid material that acts as a vehicle, excipient, or medium for the active 
ingredient. 

The compounds of Formula I are usually administered in the form of pharmaceutical compositions. 
These compounds can be administered by a variety of routes including oral, rectal, transdermal, 
subcutaneous, intravenous, intramuscular, and intranasal. These compounds are effective as both 
injectable and oral compositions. Such compositions are prepared in a manner well known in the 
pharmaceutical art and comprise at least one active compound. 

The present invention also provides pharmaceutical compositions containing compounds as disclosed 
in the claims in combination with one or more pharmaceutically acceptable, inert or physiologically 
active, diluent or adjuvant. The compounds of the invention can be freeze-dried and, if desired, 
combined with other pharmaceutically acceptable excipients to prepare formulations for 
administration. These compositions may be presented in any form appropriate for the administration 
route envisaged. The parenteral and the intravenous route are the preferential routes for 
administration. 
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Compounds of the general Formula I may be administered orally, topically, parenterally, by 
inhalation or spray or rectally in dosage unit formulations containing conventional non-toxic 
pharmaceutically acceptable carriers, adjuvants and vehicles. The term parenteral as used herein 
includes subcutaneous injections, intravenous, intramuscular, intrasternal injection or infusion 
techniques. In addition, there is provided a pharmaceutical formulation comprising a compound of 
general Formula I and a pharmaceutical^ acceptable carrier. One or more compounds of general 
Formula I may be present in association with one or more non-toxic pharmaceutically acceptable 
carriers and/or diluents and/or adjuvants and if desired other active ingredients. The pharmaceutical 
compositions containing compounds of general Formula I may be in a form suitable for oral use, for 
example, as tablets, troches, lozenges, aqueous or oily suspensions, dispersible powders or granules, 
emulsions, hard or soft capsules, or syrups or elixirs. 

Compositions intended for oral use may be prepared according to any known to the art for the 
manufacture of pharmaceutical compositions and such compositions may contain one or more agents 
selected from the group consisting of sweetening agents, flavouring agents, colouring agents and 
preserving agents in order to provide pharmaceutically elegant and palatable preparations Tablets 
contain the active ingredient in admixture with non-toxic pharmaceutically acceptable excipients that 
are suitable for the manufacture of tablets These excipients may be for example, inert diluents, such 
as calcium carbonate, sodium carbonate, lactose, calcium phosphate or sodium phosphate: 
granulating and disintegrating agents for example, corn starch, or alginic acid: binding agents, for 
example starch, gelatin or acacia, and lubricating agents, for example magnesium stearate, stearic 
acid or talc. The tablets may be uncoated or they may be coated by known techniques to delay 
disintegration and absorption in the gastrointestinal tract and thereby provide a sustained action over 
a longer period. For example, a time delay material such as glyceryl monostearate or glyceryl 
distearate may be employed. 

Formulations for oral use may also be presented as hard gelatin capsules wherein the active 
ingredient is mixed with an inert solid diluent, for example, calcium carbonate, calcium phosphate 
or kaolin, or as soft gelatin capsules wherein the active ingredient is mixed with water or an oil 
medium, for example peanut oil, liquid paraffin or olive oil. 

Aqueous suspensions contain active materials in admixture with excipients suitable for the 
manufacture of aqueous suspensions. Such excipients are suspending agents, for example sodium 
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carboxylmethylcellulose, methyl cellulose, hydropropylmethylcellulose, sodium alginate, 
polyvinylpyrrolidone, gum tragacanth and gum acacia: dispersing or wetting agents may be a 
naturally-occurring phosphatide, for example, lecithin, or condensation products of an alkylene oxide 
with fatty acids, for example polyoxyethylene stearate, or condensation products of ethylene oxide 
with long chain aliphatic alcohols, for example hepta-decaethyleneoxycetanol, or condensation 
products of ethylene oxide with partial esters derived from fatty acids and a hexitol such as 
polyoxyethylene sorbitol monooleate, or condensation products of ethylene oxide with partial esters 
derived from fatty acids and hexitol anhydrides, for example polyethylene sorbitan monooleate. The 
aqueous suspensions may also contain one or more preservatives, for example ethyl, or /j-propyl- 
/?-hydroxy benzoate, one or more colouring agents, one or more flavouring agents or one or more 
sweetening agents, such as sucrose or saccharin. 

Oily suspensions may be formulated by suspending the active ingredients in a vegetable oil, for 
example peanut oil, olive oil, sesame oil or coconut oil, or in a mineral oil such as liquid paraffin. 
The oily suspensions may contain a thickening agent, for example beeswax, hard paraffin or cetyl 
alcohol. Sweetening agents such as those set forth above, and flavouring agents may be added to 
provide palatable oral preparations. These compositions may be preserved by the addition of an anti- 
oxidant such as ascorbic acid. 

Dispersible powders and granules suitable for preparation of an aqueous suspension by the addition 
of water provide the active ingredient in admixture with a dispersing or wetting agent, suspending 
agent and one or more preservatives. Suitable dispersing or wetting agents and suspending agents 
are exemplified by those already mentioned above. Additional excipients, for example sweetening, 
flavouring and colouring agents, may also be present. 

Pharmaceutical compositions of the invention may also be in the form of oil -in- water emulsions. The 
oil phase may be a vegetable oil, for example olive oil or peanut oil, or a mineral oil, for example 
liquid paraffin or mixtures of these. Suitable emulsifying agents may be naturally-occurring gums, 
for example gum acacia or gum tragacanth, naturally-occurring phosphatides, for example soy bean, 
lecithin, and esters or partial esters derived from fatty acids and hexitol, anhydrides, for example 
sorbitan monooleate, and condensation products of the said partial esters with ethylene oxide, for 
example polyoxyethylene sorbitan monooleate. The emulsions may also contain sweetening and 
flavouring agents. 
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Syrups and elixirs may be formulated with sweetening agents, for example glycerol propylene 
glycol, sorbitol or sucrose. Such formulations may also contain a demulcent, a preservative and 
flavouring and colouring agents. The pharmaceutical compositions may be in the form of a sterile 
injectable aqueous or oleaginous suspension. This suspension may be formulated according to 
known art using those suitable dispersing or wetting agents and suspending agents that have been 
mentioned above. The sterile injectable preparation may also be a sterile injectable solution or a 
suspension in a non-toxic parentally acceptable diluent or solvent, for example as a solution in 1,3- 
butanediol. Among the acceptable vehicles and solvents that may be employed are water, Ringer's 
solution and isotonic sodium chloride solution. In addition, sterile, fixed oils are conventionally 
employed as a solvent or suspending medium. For this purpose any bland fixed oil may be employed 
including synthetic mono- or diglycerides. In addition, fatty acids such as oleic acid find use in the 
preparation of injectables. 

The compound(s) of the general Formula I may be administered, together or separately, in the form 
of suppositories for rectal administration of the drug. These compositions can be prepared by mixing 
the drug with a suitable non-irritating excipient which is solid at ordinary temperatures but liquid at 
the rectal temperature and will therefore melt in the rectum to release the drug. Such materials are 
cocoa butter and polyethylene glycols. 

Compound(s) of general Formula I may be administered, together or separately, parenterally in 
sterile medium. The drug, depending on the vehicle and concentration used, can either be suspended 
or dissolved in the vehicle. Advantageously, adjuvants such as local anaesthetics, preservatives and 
buffering agents can be dissolved in the vehicle. 

The dosage to be administered is not subject to defined limits, but it will usually be an effective 
amount. It will usually be the equivalent, on a molar basis of the pharmacologically active free form 
produced from a dosage formulation upon the metabolic release of the active free drug to achieve 
its desired pharmacological and physiological effects. The compositions are preferably formulated 
in a unit dosage form, each dosage containing from about 0.05 to about 100 mg, more usually about 
1.0 to about 30 mg, of the active ingredient. The term "unit dosage form" refers to physically 
discrete units suitable as unitary dosages for human subjects and other mammals, each unit 
containing a predetermined quantity of active material calculated to produce the desired therapeutic 
effect, in association with a suitable pharmaceutical excipient. 
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The active compound is effective over a wide dosage range. For examples, dosages per day normally 
fall within the range of about 0.01 to about 30 mg/kg of body weight. A typical daily dose will 
contain from about 0.01 mg/kg to about 100 mg/kg of the active compound of this invention. 
Preferably, daily doses will be about 0.05 mg/kg to about 50 mg/kg, more preferably from about 0. 1 
mg/kg to about 25 mg/kg. In the treatment of adult humans, the range of about 0. 1 to about 15 
mg/kg/day, in single or divided dose, is especially preferred. However, it will be understood that 
the amount of the compound actually administered will be determined by a physician, in the light of 
the relevant circumstances, including the condition to be treated, the chosen route of administration, 
the actual compound administered, the age, weight, and response of the individual patient, and the 
severity of the patient's symptoms, and therefore the above dosage ranges are not intended to limit 
the scope of the invention in any way. In some instances dosage levels below the lower limit of the 
aforesaid range may be more than adequate, while in other cases still larger doses may be employed 
without causing any harmful side effect, provided that such larger doses are first divided into several 
smaller doses for administration throughout the day. 

The compositions are preferably formulated in a unit dosage form, each dosage containing from 
about 5 mg to about 500 mg, more preferably about 25 mg to about 300 mg of the active ingredient. 
The term "unit dosage form" refers to a physically discrete unit suitable as unitary dosages for human 
subjects and other mammals, each unit containing a predetermined quantity of active material 
calculated to produce the desired therapeutic effect, in association with a suitable pharmaceutical 
carrier, diluent, or excipient. The following formulation examples are illustrative only and are not 
intended to limit the scope of the invention in any way. 
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Formulation 1 

Hard gelatin capsules are prepared using the following ingredients: 

Quantity (mg/capsule) 



Active Ingredient 250 

Starch, dried 200 

Magnesium stearate 10 

Total 460 



The above ingredients are mixed and filled into hard gelatin capsules in 460 mg quantities. 



Formulation 2 

A tablet is prepared using the ingredients below: 

Quantity (mg/tablet) 



Active Ingredient 250 

Cellulose, microcrystalline 400 

Silicon dioxide, fumed 10 

Stearic acid 5 

Total 665 



The components are blended and compressed to form tablets each weighing 665 mg. 

Formulation 3 

An aerosol solution is prepared containing the following components: 
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Weight % 

Active Ingredient 0 25 

Ethanol 29 75 

Propeilant 22 (Chlorodifluoromethane) 70.00 



Total 



100 



The active compound is mixed with ethanol and the mixture added to a portion of the Propeilant 22, 
cooled to -30 °C and transferred to a filling device. The required amount is then fed to a stainless 
steel container and diluted with the remainder of the propeilant. The valve units are then fitted to 
the container. 



Formulation 4 

Tablets each containing 60 mg of active ingredient are made as follows: 

Quantity (mg/tablet) 

Active Ingredient 
Starch 

Microcrystalline cellulose 
Polyvinylpyrrolidone 
Sodium carboxy methyl starch 
Magnesium stearate 
Talc 
Total 

The active ingredient, starch, and cellulose are passed through a No. 45 mesh U.S. sieve and mixed 
thoroughly. The solution of polyvinylpyrrolidone is mixed with the resultant powders that are then 
passed through a No. 14 mesh U.S. sieve. The granules so produced are dried at 50°C and passed 
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60 
45 
35 
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4.5 
0.5 
1.0 
150 
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through a No. 18 mesh U.S. sieve. The sodium carboxymethyl starch, magnesium stearate, and talc, 
previously passed through a No. 60 mesh U.S. sieve, are then added to the granules which, after 
mixing, are compressed on a tablet machine to yield tablets each weighing 150 rng. 



Formulation 5 

Capsules each containing 80 mg medicament are made as follows: 

Quantity (mg/capsule) 

Active ingredient 
Starch 

Microcrystalline cellulose 
Magnesium stearate 
Total 

The active ingredient, cellulose, starch, and magnesium stearate are blended, passed through a 
No. 45 sieve, and filled into hard gelatin capsules in 200 mg quantities. 



80 
59 
59 
2 
200 



Formulation 6 

Suppositories each containing 225 mg of active ingredient may be made as follows: 

Quantity (mg/suppository) 

Active Ingredient 
Saturated fatty acid glycerides 
Total 

The active ingredient is passed through a No. 60 mesh U.S. sieve and suspended in the saturated 
fatty acid glycerides previously melted using the minimum heat necessary. The mixture is then 
poured into a suppository mold of nominal 2 g capacity and allowed to cool. 
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Formulation 7 

Suspensions each containing 50 mg of medicament per 5 mL dose are made as follows. 

Active Ingredient 
Sodium carboxylmethyl cellulose 
Syrup 

Benzoic acid solution 
Flavour 
Color 

Purified water to total 

The medicament is passed through a No. 45 mesh U.S. sieve and mixed with the sodium 
carboxymethyl cellulose and syrup to form a smooth paste The benzoic acid solution, flavor and 
color are diluted with some of the water and added, with stirring. Sufficient water is then added 
to produce the required volume. 



Formulation 8 

An intravenous formulation may be prepared as follows: 

Quantity 

Active Ingredient 
Mannitol 

5 N Sodium hydroxide 
Purified water to total 



Formulation 9 

A topical formulation may be prepared as follows: 
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50 mg 
50 mg 
1.25 mL 
0.10 mL 
q.v. 
q.v. 
5 mL 



100 mg 
100 mg 
200 mL 
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Quantity 



Active Ingredient 1 - 1 0 g 

Emulsifying Wax 30 g 

Liquid Paraffin 20 g 

White soft paraffin to 1 00 g 



The white soft paraffin is heated until molten. The liquid paraffin and emulsifying wax are 
incorporated and stirred until dissolved. The active ingredient is added and stirring is continued 
until dispersed. The mixture is then cooled until solid. 



Formulation 10 

Sublingual or buccal tablets, each containing 1 0 mg of active ingredient, may be prepared as 
follows: 

Quantity (mg/tablet) 



Active Ingredient 10.0 

Glycerol 2105 

Water 143.0 
Sodium Citrate 4 5 

Polyvinyl Alcohol 2 6.5 
Polyvinylpyrrolidone 15.5 

Total 410.0 



The glycerol, water, sodium citrate, polyvinyl alcohol, and polyvinylpyrrolidone are admixed 
together by continuous stirring and maintaining the temperature at about 90 °C. When the 
polymers have gone into solution, the solution is cooled to about 50°-55 °C and the medicament 
is slowly admixed. The homogenous mixture is poured into forms made of an inert material to 
produce a drug-containing diffusion matrix having a thickness of about 2-4 mm. This diffusion 
matrix is then cut to form individual tablets having the appropriate size. 
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Another preferred formulation employed in the methods of the present invention employs 
transdermal delivery devices ("patches"). Such transdermal patches may be used to provide 
continuous or discontinuous infusion of the compounds of the present invention in controlled 
amounts. 

The construction and use of transdermal patches for the delivery of pharmaceutical agents is well 
known in the art (see, for example, U.S. Pat. No. 5,023,252, issued Jun. 11, 1991) herein 
incorporated by reference. Such patches may be constructed for continuous, pulsatile, or on 
demand delivery of pharmaceutical agents. 

Frequently, it will be desirable or necessary to introduce the pharmaceutical composition to the 
brain, either directly or indirectly. Direct techniques usually involve placement of a drug delivery 
catheter into the host's ventricular system to bypass the blood-brain barrier. One such implantable 
delivery system, used for the transport of biological factors to specific anatomical regions of the 
body, is described in U.S. Pat. No. 5,01 1,472, issued Apr. 30, 1991, which is herein incorporated 
by reference. 

Indirect techniques, which are generally preferred, usually involve formulating the compositions to 
provide for drug latentiation by the conversion of hydrophilic drugs into lipid-soluble drugs or 
prodrugs. Latentiation is generally achieved through blocking of the hydroxy, carbonyl, sulfate, and 
primary amine groups present on the drug to render the drug more lipid soluble and amenable to 
transportation across the blood-brain barrier. Alternatively, the delivery of hydrophilic drugs may 
be enhanced by intra-arterial infusion of hypertonic solutions that can transiently open the 
blood-brain barrier. 

EXAMPLES 

The following Examples illustrate the invention. The following abbreviations are used in the 
Examples: EtOAc, ethyl acetate; THF, tetrahydrofuran; EtOH, ethanol; TLC, thin layer 
chromatography; GC, gas chromatography; HPLC, high pressure liquid chromatography; m-CPBA, 
m-chloroperbenzoic acid; Et20, diethyl ether; DMSO, dimethyl sulfoxide; DBU, 1,8-diazabicyclo- 
[5.4.0]undec-7-ene, MTBE, methyl /-butyl ether; FDMS, field desorption mass spectrometry and 
r.t., room temperature. 
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Example 1 : Synthesis of Cubanylglycinates 1GT 1 .0 series 





Preparation I. 4-methoxycarbonylcubane carboxylic acid 

A solution of cubane dimethyl ester (6.0g, 27.24 mmol) in 182 mL of dry THF is stirred under N 2 
at room temperature. A solution of methanolic NaOH (26.7 mmol, 10.7 mL 2.5 M) is added 
dropwise from a pressure equalized addition funnel and the resulting solution stirred at room 
temperature for 16 h. The mixture is evaporated under reduced pressure at r.t., the residue is taken 
up in 66 mL of water and extracted with 3 x 25 mL of chloroform. The aqueous layer is acidified 
to pH 3 with concentrated HC1 and extracted with 3 x 30 mL of chloroform. The combined organic 
layers were dried over magnesium sulphate, filtered and evaporated to give (2) 182-183 °C: *H 
NMR (CDCl?) 5 3.72 (s, 3H), 4.27 (m, 6H). 
Yield 5.1 g(91%). 

Preparation 2: 4-methoxycarbonyl- 1 -(hydroxymethyl) cubane 

The mono acid (2) (0.48 g) is dissolved in dry THF (5 mL) and cooled to -70 °C. A solution of 
BLb in THF is added slowly with stirring. The reaction mixture is stirred at -78 °C for 4 hrs and 
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allowed to come to room temperature. Water (3 mL) is added and stirred for 30 min, potassium 
carbonate (0.85 g) is added and the solution extracted with Et 2 0. The organic phase is dried over 
magnesium sulfate and evaporated to give the alcohol (3) 0.46 g (100%) m.p. 83-85 °C. *H 
NMR(200 MHz, solvent) 5: 1.58 (s, 1H), 3.62 (s, 3H), 3.72 (s, 2H), 3.81 (m, 3H), 4. 1 (m, 3H). 

Preparation 3: 4-methoxycarbonyl-l-(formyI) cubane 

DMSO (0 7 mL, 9.68 mmol) is added to oxalyl chloride ( 0.42 mL, 4.84 mmol) in 1 2 mL of CH 2 C1 2 
at -78 °C. The alcohol (3) (0.46 g, 2.42 mmol) in 3 mL CH 2 C1 2 is added and stirred at -78 °C for 
1.5 h. Triethylamine (2.0 mL, 14.4 mmol) is added and the mixture is allowed to come to 0°C. 
Saturated ammonium chloride solution is added and the phases separated, the aqueous layer is 
extracted with CH 2 C1 2 and the combined organic layers are dried (MgSOa), then evaporated to give 
crude product which is purified by flash chromatography (1:1 hexanes:diethyl ether) to give 0.35 
g (76%) of pure product (4). ! H NMR (200 MHz, solvent) 5: 3.7 (s, 3H), 4.2 (m, 3H), 4.32 (m, 
3H), 9.72 (s, 1H). 

Preparation 4 4-methoxycarbony-l-[2'-hydroxy-r-phenylethyl] methylnitrilecubane 

(7?)-phenylglycinoI (257 mg, 1 .87 mmol) is added to a solution of the aldehyde (4) (0.35 g, 1.84 
mmol) in 14 mL of methanol. The solution is cooled to 0 °C and TMSCN (0.49 mL, 3 .68 mmol) 
is added and the mixture stirred at 0 °C overnight. Evaporation of the solvent leaves a residue 
which is purified by chromatography (diethyl ether:hexanes, 3:1) to give 0.48 g (77%) of pure 
product (5). ! H NMR (CDC1?) 5: 2.23 (s, 1H), 2.6 (br, 1H), 3.5-3.75 (m, 2H), 3.7 (s, 3H), 3.9 (m, 
3H), 4.1 1 (dd, 1H), 4.2 (m, 3H), 7.3 (s, 5H). 

Preparation 5: 4-carbony- 1 -cubanylglycine 

Lead acetate (0.69 g, 1 .57 mmol) is added to a stirred solution of nitrile (5) (0.48 g, 1 .42 mmol) 
in dry methanol/dichloromethane 1:1 (12 mL). After 10 min 10 mL of water is added and the 
suspension filtered through celite. The organic layer is dried and evaporated to give the crude 
imine. The crude imine is refluxed with 6N HC1 (30 mL) for 6 hr. The solution is evaporated to 
dryness and placed on anion exchange resin, eluting with IN acetic acid to yield the product (6). 
mp. 241 °C(dec.) ] H NMR (D 2 0) 5 3.96 (s, 1H), 4.01 (m, 3H), 4. 14 (m, 3H). 



31 



SUBSTITUTE SHEET (RULE 26) 



WO 99/54280 



PCT/CA99/003U 



Example 2 
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Preparation 1: 4-methoxycarbonylcubane carboxylic acid 



A solution of cubane dimethyl ester (6.0g, 27.24 mmol) in 182 mL of dry THF is stirred under N 2 at 
r.t. a solution of methanolic NaOH (26.7 mmol 10.7 mL 2.5 M) is added dropwise from a pressure 
equalized addition funnel and the resulting solution stirred at r.t. for 16 h. The mixture is evaporated 
under reduced pressure at r.t., the residue is taken up in 66 mL of water and extracted with 3 x 25 
mL of chloroform. The aqueous layer is acidified to pH 3 with concentrated HC1 and extracted with 
3x30 mL of chloroform. The combined organic layers were dried over magnesium sulphate, filtered 
and evaporated to give (2) 182-183 °C: ! H NMR (CDC1 3 ) 5 3.72 (s, 3H), 4.27 (m, 6H). 
Yield 5.1 g(91%). 



Preparation 2: 4-methoxycarbonylcubane- 1-carbonyl chloride 

The monomethyl ester (2) (1.37 g, 6.65 mmol) is dissolved in 15 mL of thionyl chloride and 
gently refluxed overnight. The thionyl chloride is evaporated off and the resultant residue 
containing (3) was used immediately without further purification. 
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Preparation 3: 4-methoxycarbonylcubane- 1 -methyl ketone 

A suspension of copper iodide ( 1 .49 g, 7.83 mmol) in 30 mL of dry THF is stirred at 0°C. 
Methyl lithium (15.75 mmol, 1 1 .2 mL of \ A M) was added and stirred at 0°C for 30 min, then 
cooled to 

-78°C. A solution of 1.6 g, 7.12 mmol of (3) in 10 mL dry THF is added and the resultant 
mixture stirred for 1 h. at -78°C. The mixture was quenched with saturated ammonium chloride 
solution (15 mL) and extracted with 3x30 mL of diethyl ether. The combined organic layers 
were dried over magnesium sulphate, filtered and evaporated to give crude (4). The product 
was purified by silica chromatography (hexanes: ethyl acetate, 2: 1) to give 1.0 g of product 
(yield 69%). m.p. 87-89°C. l H NMR (CDCK) 5 2.17 (s, 3H), 3.7 (s, 3H), 4.21 (m, 6H). 

Preparation 4\ 4-methoxycarbonylcubane- 1 -methyl- 1 -(5, 5'-hydantoin) 

A solution of the methyl ketone (4) (1.0 g, 4.9 mmol) in 40 mL of ethanol and 5.8 mL of 1 N 
NaOH, is stirred at 70°C for 4 h. The resulting solution is evaporated to dryness under reduced 
pressure and redissolved in 1 : 1 ethanol: water (20 mL). To this solution is added potassium 
cyanide (0.35 g, 5.4 mmol) and ammonium carbonate (0.96 g, 9.8 mmol) and the mixture 
heated in a sealed tube at 85°C for 24 h. The reaction is cooled, acidified with 6 N HC1 and 
reduced in volume until a precipitate forms. The precipitate is filtered and the filtrate 
evaporated to dryness and extracted with ethyl acetate. The solvent is evaporated and the 
product combined with the residue from above to give (5) as a white solid. Yield 0.95 g (75%) 
m.p. 244-248°C. NMR *H (DMSO) 8 1.18 (s, 3H) 3.9 (m, 3H), 4.0 (m, 3H), 8.1 (s, 1H), 10.6 
(s, 1H). 

Preparation 5 : 4-carboxycubane- 1 -methylglycine 

The hydantoin (5) (0.95 g, 3.65 mmol) is dissolved in 30 mL of 2 N NaOH and heated to 170°C 
in a sealed tube for 20 h. The reaction is cooled and filtered to remove precipitate and the filter 
cake washed with 3x10 mL of water. The combined aqueous washings are evaporated to give 
crude (6) which is applied to Spectrum 1X4 anion exchange resin, eluted with 0.5 N acetic acid. 
Isolation by evaporation and crystallization gives (6) as colorless crystals, m.p. >250°C 
(decomp ). NMR. ] H (D 2 0) 5 1.38 (s, 3H), 3.95 (s, 6H). 
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Example 3 




6 5 



Preparation 1\ 4-methoxycarbonylcubane- 1 -acetyl ethylcarboxylate. 

n-butyl lithium (34.83 mmol, 23.5 mL of 1 .5 M) is added dropwise to a stirred solution of ethyl 
hydrogen malonate (2.32 g, 17.41 mmol) in 80 mL of dry THF under N 2 at -78°C. The mixture 
was warmed to -30°C over 0.5 h and then re-cooled to -78°C. The acid chloride of cubane 
monomethyl ester from example (2) above (2.35 g, 10.46 mmol) in 7 mL of THF is added 
dropwise to the stirred solution. The reaction is warmed slowly to r.t and stirred for a further 1 h. 
The solution is poured into 50 mL of 1 N HC1 and extracted with 3 x 50 mL of diethyl ether. 
The combined organic extracts are further extracted with 20 mL of saturated sodium hydrogen 
carbonate and brine, dried over magnesium sulphate, filtered and evaporated to give crude (2). 
The product is purified by column chromatography on silica with hexanes: ethyl acetate 2: 1 to 
yield 2.5 g (86%) of (2). ! H NMR (CDC1 3 ) 5 1.2 (t, 3H) 3.4 (s, 2H), 3.65 (s, 3H), 4.2 (m, 8H). 
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Preparation 2: 4-methoxycarbonylcubane-l-(thioxanthyl)-acetyl ethylcarboxylate. 

cubane-P-ketoester (2) (1 . 15g, 4. 16 mmol) and thioxanthene-9-ol (0.88g, 4. 1 mmol) are 
dissolved in 18 mL of a 1:1 mixture of ethanol: acetic acid and stirred at r.t. for 3 days. The 
resulting crystalline solid was filtered off to yield 1 .52 g (77%) of pure (3) m.p. 147-149°C l H 

NMR (CDC1 3 ) 1-00 (t, 3H),3.24 (s, 3H), 3.75 (m, 3H), 3.9 (q, 2H), 4.0 (m, 3H, 4.6 (d, 

1H), 5 .0 (d, 1H), 7.3 (m, 8H). 

Preparation 3: 4-carboxycubane-l -methylthioxanthylketone 

The thioxanthylcubane adduct (3) (1 .69 g, 3.57 mmol) is dissolved in ethanol 33 mL and 8.7 mL 
of 1 N NaOH and heated at 70°C for 4 h. The resulting solution is evaporated and redissolved 
in 25 mL of water, acidified with 6 N HC1 and extracted with 3 x 50 mL of diethyl ether. The 
combined organic layers are dried over magnesium sulphate, filtered and concentrated to give a 
crude product containing (4). Chromatography on silica using ethyl acetate gives 1.26 g (88%) 
of (4) 

*H NMR (CDC1.0 5 2.8 (d, 2H), 3.8 (m, 3H), 4.0 (m, 3H), 4.7 (t, 1H), 7.3 (m, 8H), 9.5 (br, 
1H). 

Preparation 4\ 4-carboxycubane- 1 -thioxanthyl- 1 -(5,5 -hydantoin) 

The thioxanthyl cubane ketone (4) (1 .24 g, 3.22 mmol) is dissolved in 1:1 ethanol:water (20 
mL). Potassium cyanide (0.522 g, 8.0 mmol) and ammonium carbonate (1.39 g, 14.4 mmol) are 
added and the solution heated in a sealed tube at 85°C for 65 h. The reaction is cooled and 
acidified with 2 N HC1 and extracted with 3 x 40 mL of ethyl acetate. The organic layers are 
combined, dried over magnesium sulphate, filtered and evaporated to give (5) 1.3 g (88%) as a 
crude product. This material was hydrolyzed in the next step without purification. 
! H NMR (CD 3 OD) 5 1.7 (m, 1H), 2.7 (m, 1H), 3.8 (m, 3H), 4.0 (m, 3H), 4.3 (m, 1H), 7.4 
(m, 8H). 

Preparation 5: 4-carboxycubane-l - thioxanthyl lglycine 
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The hydantoin adduct (5) (300 mg, 0.65 mmol) is taken up in 1 N NaOH (10 mL) and heated at 
170 °C for 20 h in a sealed tube. The mixture is cooled and the pH adjusted with 6 N HC1 to 
between 7 and 8. The precipitate formed is filtered and washed with water. The combined 
filtrate and washings are combined and evaporated to dryness. The resulting residue is purified 
by column chromatography and finally by reverse phase chromatography to yield (6) as 
colorless crystals. 70 mg. 'H NMR (CD ? OD + D 2 0) 5 2.3 (m, 2H), 3.9 (s, 6H), 4.4 (m, 1H), 
7.4 (m, 8H). 
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We claim: 

1 . A compound of the formula: 




(1) 



wherein: 

Rl can be an acidic group selected from the group consisting of carboxyh phosphono, 
phosphino, sulfono, sulfmo, borono, tetrazol, isoxazol, -CH 2 -carboxyl, -CH 2 -phosphono, 
-CH 2 -phosphino, -CH 2 -sulfono, -CH 2 -sulfmo, -CH 2 -borono, -CH 2 -tetrazoL and -CH 2 - 
isoxazol; 

R2 can be a basic group selected from the group consisting of 1° amino, 2° amino, 3° amino, 
quaternary ammonium salts, aliphatic 1° amino, aliphatic 2° amino, aliphatic 3° amino, 
aliphatic quaternary ammonium salts, aromatic 1° amino, aromatic 2° amino, aromatic 3° 
amino, aromatic quaternary ammonium salts, imidazol, guanidino, boronoamino, ally!, urea, 
thiourea, 

R3 can be H, aliphatic, aromatic or heterocyclic; 

R4 can be an acidic group selected from the group consisting of carboxyh phosphono. 
phosphino, sulfono, sulfino, borono, tetrazol, isoxazol; and pharmaceutical^ acceptable 
salts thereof 

2. A compound as claimed in claim 1, wherein Rl is COOH 
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A compound as claimed in claim 1 , wherein R2 is COOH 

A compound as claimed in claim 1, wherein R3 can be -H, or -Me; or xanthyl or 
thioxanthyl and R4 is NH 2 

A process for the preparation of a compound of Formula I, or a pharmaceutical ly 
acceptable metabolically-labile ester or amide thereof, or a pharmaceutical^ acceptable 
salt thereof, which comprises: 

(a) hydrolyzing a compound of formula: 



in which Rl is defined as above, R5 represents a hydrogen atom or an acyl group and 
R4 has the meaning defined above. Preferred values for R5 are hydrogen and (2-6C) 
alkanoyl groups, such as acetyl; 

(b) hydrolyzing a compound of formula: 



wherein R6 and R7 eacli independently represent a hydrogen atom, a'(2-6C) alkanoyl 
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group, a (1-4C) alkyl group, a (3-4C) alkenyl group or a phenyl (1-4C) alkyl group in 
which the phenyl is unsubstituted or substituted by halogen, (1-4C) alkyl or (1-4C) 
alkoxy, or a salt thereof; or 



(c) deprotecting a compound of formula: 



(IV) 



R4 



NHR9 



in which R8 represents a hydrogen atom or a carboxyl protecting group, or a salt 
thereof, and R9 represents a hydrogen atom or a nitrogen protecting group; 



whereafter, if necessary and/or desired: 



(i) resolving the compound of Formula 1; 

(ii) converting the compound of Formula 1 into a non-toxic metabolically-labile ester or 
amide thereof; and/or; 

(iii) converting the compound of Formula 1 or a non-toxic metabolically-labile ester or 
amide thereof into a pharmaceutical^ acceptable salt thereof 

6. A pharmaceutical formulation, which comprises a compound as claimed in claim 1 and a 
pharmaceutical^/ acceptable carrier, diluent or excipient. 

7. A method of modulating one or more metabotropic glutamate receptor functions in a 
warm blooded mammal requiring such treatment, which comprises administering an 
effective amount of a compound as claimed in claim 1 
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A compound of formula: 
Rk 



(ID 



R4 



NHR5 
CN 



in which Rl, R4 and R5 have the meanings as defined above. 
A compound of formula: 



R I 





\ 













R4 



R7 




. N 



o 



p 

N — R6 



(III) 



wherein R6 and R7 have meanings as defined above. 
10. A compound of formula: 



(IV) 



R4 



CCXR8 
NHR9 



in which R8 and R9 have meanings as defined above. 
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Figure 1 



The Actions of a Compound of the Invention as an Antagonist of PI Hydrolysis 
evoked through the mGluR 1 receptor by 10 uM (L)-Glu 
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I . A compound of the formula: 



Rl* 




R4 



R2 

R3 



(1) 



wherein: 

R I can be an acidic group selected from the group consisting of carbnxyl, phnsphono, 
phosphino, sulfono, sulfino, borono, tctrazol, isoxazol, -CHz-carboxyl, -CHz-phosphono« 
-Cll2-phosphino. -CHr-sulfono. -CHk-sulfino, -CH^-borono, -CHa-tetrazol, and-CHs- 
iKOxazol; 



R2 can be a basic group selected fmm the group consisting of 1° amino, 2° amino, 3 D 
amino, quaternary ammonium salts, aliphatic 1" amino, aliphatic 2° amino, aliphatic 3 U 
amino, aliphatic quaternary ammonium sails, aromatic 1° amino, aromatic T amino, 
aromatic 3° amino, aromatic quaternary ammonium salts, imidazol, guanidino, 
boronoamino, allyU urea, thiourea, 



R3 can be H, aliphatic, aromatic or heterocyclic; 



R4 can be an acidic group selected from the group consisting of carboxyl, phos phono, 
phosphino, sulfono, sulfino, borono, teirazol, i&oxaxol; and pharmaceutically acceptable 
salts thereof. 

2. A compound as claimed in claim 1» wherein Rl is COOH. 

3. A compound as claimed in claim I, wherein R2 is NH2. 



Amended claims 
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4. 



:20- 7- 0 : 

A compound as claimed in claim i, wherein R3 can be -H, or -Mc; or xanlhyl or 
thioxanlhyl or-CH 2 -xanthyl, or-Cll 2 -thioxanthyl and R4is -COOH, 



+49 89 23994-4-65: #15 



CA 009900311 




A process for the preparation of a compound of Formula I, or a pharmaceutical^ 
acceptable metabolically-lubile ester or amide thereof, or a pharmaceutical ly acceptable 
.salt thereof, which comprises: 
(a) hydroly/-ing a compound of fotinula: 



(Ha) [<ii)] 



wherein: R'l is an acidic group selected from the group consisting of car boxyl, 
phosphono, phosphino, sulfrina suirino, borono. tetrasol. isoxazol, -CHz- 
carboxyl, -CHa-phosphonoJ-CH^-phosphino, -CHg-sulfono, -CHg-sulfino, -C Hg- 
borono, ■CH2-ieirayjQL -CHfe-iaoxaaeol and higher analogues thereof, or a prolec&xi 
form thereof, R3 can be Hj aliphatic, aromatic or heterocyclic and Tin which R1 is 
defined as above, J R5 represents a hydrogen atom or an acyl group land R4 has 
the meaning defined above.] , and wherein [P]preferred values for RS are 
hydrogen and (2-6C) alkanoyl groups, such as acetyl; or 
deprotecting an d hydn>l>p:ing a compound of formula (TI b) 



(lib) 



wherein: R*l andR3 arc as dcfixicd above; or 



Amended claims 
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(d) 
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(c) [b] hydroly/Jng a compound of formula: 




<IU> 



N — R6 



alcyl 



wherein: R6 and R7 each i 
alkanoyl group, a (1-4C) 
alky I group in which the pi: 
alky! or (1-4C) alkoxy, or a 
fc| deprotecting a comj>ound 



independently represent a hydrogen atom, a (2-6C) 

group, a (3-40 alkenyl gmup or a phenyl (1-4C) 
enyl is umubslituted or substituted by halogen, (1-4C) 
sail thereof, R l and R3 are as defined above; or 
of formula: 




wherein: | in which I R8 rep; 
group, or a sail thereof, and 
protecting group, R l and 



(IV) 



,C0 2 R8 
S NHR9 



esenU a hydrogen atom or a carboxyl protecting 
R9 represents a hydrogen atom or a nitrogen 
are as defined above: 



whereafter, if necessary and/or desired: 

(i) resolving the compound of Formula I; 

(i i) converting the compound of Formula I into a non-toxic metabolical ly- 
labilc ester or amide thereof; and/orl;] 

converting the compound of Formula I or a non-toxic rnctabolically-labile 
ester or amide thereof \f\io a pharmaceutically acceptable salt thereof. 



(iii) 



A pharmaceutical formulation, which comprises a compound as claimed in claim 1 and a 
pharmaceutical^ acceptable carrier, diluent or excipicnt. 



Amended claims 
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7. A. use of the ^nmp ound according to claim 1 to modulate [A method of modulalingi one 
\ or more metaboiropic glutamic receptor functions in a warm blooded mammal 



[requiring such treatment], 



wherein said use [which] comprises administering an 



effective amount of u com] wund of formula 0) as claimed in claim I, 



8, A compound of formula; 



(Ha) KH)1 



NC 



wherein: RX R3 and R5 hale the meanings as defined in claim 5 1 in which Rl, R4 and 
R5 have the meanings as defined above]. 



A a impound of formula: 



O 



1-R6 



wherein: R'l, R3. 1*6 and R7 have jncanin^ s as defined in claim 5 fwhercin R6 and R7 
have meanings as defined above]. 



Amended claims 
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:20- 7- 

# 

A compound of formula: 

in 



1:05 



MBM & CO. 




+49 89 23994465: #18 

CA 009900311 




(IV) 



C0 2 R8 
NHR9 



wherein: R r l, R3, Ra and R9 have meanings as defined in claim 5 [in which R8 and R9 
have meanings as defined abovej. 

11, A compound according to claim 1. wherein Rl is -COOH, R2 is -NH Z » R3 is H and R4 
is COOH. 

12. A compound according to claim 1, wheVein Rl is -COOH. R2 is -NH 2 , R3 is CH3 and 
R4 is COOH. 



1 3. A compound according to claim 1 » wherein Rl is -COOH, R2 is -NH2, R3 is -CH 2 - 
thloxanthy and R4 is COOH, 

14. A use of the compound according to claim t for the treatment of a neurological disease 
or disorder selected from the group comprising: cerebral deficits subsequent to cardiac 
bypass surgery and graf ling, cerebral ischemia % stroke, cardiac arrest spinal cord trauma, 
head trauma, perinatal hypoxia, and hypoglycemic neuronal damage, Alzheimer's 
disease, Huntington's Chorea, amyotrophia lateral sclerosis, AlDS -indueed deme ntia, 
ocular damage, retinopathy, cognitive disomers. idiopathic and drug-Induced Parkinson's 
disease, muscular spasms, c onvulsions, migraine headaches, urinary incont inence. 
psychosis, drug tolerance, withdrawal, and cassation (L e. opiates, benzodiazepines, 
nicotine, cocaine, or ethanol), .smoking cessation, anxiety and related disorders (eg. 
panic attack), cmosis, brain edema; chronic pain, sleep disorders, Tourette's syndrome* 
attention deficit disorder, and tardive dyskinesia, wherein said use comprise s 
admini stering an effect ive amount of a compound of formula (1). 



Amended claims 
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15. A use of L hc compound according to claim 1 for the treatmen t of a psyc hiatric disease or 



disorder selected from ihc group 



(c»g. panic attack), depression, fr 



disorders, wherein said use com >riscs administering an effective amount of a com pound 



of formula (I). 



16. The use according to any one of 



claims 7. 14 or 15 wherein said compound is selecte d 



from the group of compounds comprising : 



H0 2 C 




comprising: schizophrenia, anxiety and relat ed disorders 



polar disorders, psycho sis, and obsessiv e compulsive 



HQ 2 C 




C0 2 H 



H0 2 C 




H0 2 C' 



17. A use of the compound; 




for the treatment of cerebral ischcMa, stroke and cardiac arrest, wherein said u se 
comprises admi ni stering an effective amount of the said compound. 
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(lib) 



wherein: IT1 andR3 hfrve the meaning as defined in claim 5 



19. A co mpound according to claim 18, wherein: R'l is -COOMe, R3 Ls H. 

20. A compound according to claim 9. wherein: K'l h -COOH. R3 is CHa. K6 = R7 Is H. 

2L... A compound acc ording to c laim 9, wherein: R't is -COOH, R3 is -<3Mhioxan thvl 
R6 = R7 is 1L 



( 



Amended claims 
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those parts of the claims which appear to be supported and disclosed, 
namely those parts relating to the compounds according to formula (I) of 
claim 1, wherein R4 is carboxyl and Rl, R2 and R3 have the definitions 
given in claim 1 (no restriction for those substi tuents ) . 
The subject-matter of claims 2 to 10 have been searched completely. 
It is stressed that the subject-matter of the depending claims 3 and 4 is 
unclear. The definitions of R2 and R4 of claims 3 and 4 respectively are 
unclear, since those definitions are different from the definitions of R2 
and R4 of claim 1. 

The applicant's attention is drawn to the fact that claims relating to 
inventions in respect of which no international search report has been 
established need not be the subject of an international preliminary 
examination (Rule 66.1(e) PCT). The applicant is advised that the EPO 
policy when acting as an International Preliminary Examining Authority is 
normally not to carry out a preliminary examination on matter which has 
not been searched. This is the case irrespective of whether or not the 
claims are amended following receipt of the search report or during any 
Chapter II procedure. 
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I. Basis of the report 

1 . This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this report as "originally filed" and are not annexed to 
the report since they do not contain amendments.): 

Description, pages: 

37,38 as originally filed 

as received on 



1-7,9,10,16-30, 
32-36 

8,11,11a,12-15, 
31 



as received on 



28/07/1999 with letter of 



20/07/2000 with letter of 



09/07/1 999 



20/07/2000 



Claims, No.: 

1-21 



as received on 



20/07/2000 with letter of 



20/07/2000 



Drawings, sheets: 

1 as received on 

2. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 



28/07/1 999 with letter of 



09/07/1999 



3. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 



4. Additional observations, if necessary: 



Form PCT/IPEA/409 (Boxes l-VIII, Sheet 1) (January 1994) 
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EXAMINATION REPORT International applica tion No. PCT/CA99/0031 1 

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 1-21 

No: Claims 

Inventive step (IS) Yes: Claims 1-21 

No: Claims 

Industrial applicability (IA) Yes: Claims 1-6,8-13,18-21 

No: Claims 

2. Citations and explanations 
see separate sheet 



VI. Certain documents cited 

1. Certain published documents (Rule 70.10) 
and / or 

2. Non-written disclosures (Rule 70.9) 
see separate sheet 



VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 



VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 

see separate sheet 
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V. 

In the light of the documents cited in the search report the present claims 1-21 can be 
considered as being novel (Art. 33(2) PCT). 

Further, the present claims 1-21 can be considered as being inventive (Art. 33(3) PCT) 
as the object of the present application, namely to provide compounds that 
demonstrate activity at the various metabotropic glutamate receptors (mGluRs), and 
the presently claimed solution have not been suggested by any of the cited prior art 
documents. D1 (PELLICCIARI et al, Asymmertic Synthesis of Enantiomerically pure 
(2S,1'S,2 , S,3 , R)-Phenylcarboxycyclopropylglycine, BIOORGANIC & MEDICINAL 
CHEMISTRY LETTERS, vol. 6, no. 18, pages 2243-2246, 1996) which can be 
considered as closest prior art document refers to cyclopropyl analogs and in the light 
of this teaching it was not obvious for a skilled person to arrive at the present subject- 
matter. 

For the assessment of the present claims 7,14-17 on the question whether they are 
industrially applicable, no unified criteria exist in the PCT Contracting States. The 
patentability can also be dependent upon the formulation of the claim. The EPO, for 
example, does not recognize as industrially applicable the subject-matter of claims to 
the use of a compound in medical treatment, but may allow, however, claims to a 
known compound for first use in medical treatment and the use of such a compound for 
the manufacture of a medicament for a new medical treatment. 

VI. 

The present application claims priority rights from 1 7/4/98. The priority document 
pertaining to the present application was not available at the time of estabilishing this 
report. Hence it is based on the assumption that all claims enjoy priority rights from the 
filing date of the priority document. If it later turns out that this is not correct, the 
document D2 (PELLICCIARI et al: "Synthesis and preliminary evaluation of (S)-2-(4'- 
carboxycubyl)glycine, a new selective mGluRI antagonist" BIOORGANIC & 
MEDICINAL CHEMISTRY LETTERS, vol. 8, no. 12, 16/6/98, pages 1569-1574), cited 
in the search report would become very relevant in the assessment of the patentability 
of the present application. 

VII. 

The amendments in on pages 8,1 1 ,12,14 and claims 4,5,13,16,17 and 21 filed with the 
letter dated 20/7/00 introduce subject-matter which extends beyond the content of the 
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application as filed, contrary to Article 34(2)(b) PCT. 
VIII. 

The term "aliphatic" (claim 1) without any indication of the number of carbon atoms is 
too broad in scope and therefore unclear (Art. 6 PCT). 

Further, expressions as "the like" and "about" with reference to ranges are unclear. 
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CUBANE ANALOGS WITH ACTTVTTy AT THE 
METABOTROPIC GLUTAMATE RECEPTORS 
FIELD OF THE INVENTION 

This invention pertains to therapeutically active cubane derivatives, a method for preparing the ■ 
same, pharmaceutical compositions comprising the compounds and a method of treating diseases 
of the Central Nervous System (CNS) therewith. 

BACKGROUND OF THE INVENTION 

The acidic amino acid L-Glutamate is recognized as the major excitatory neurotransmitter in the 
CNS. The receptors that respond to L-Glutamate are called excitatory amino acid receptors. The 
excitatory amino acid receptors are thus of great physiological importance, playing a role in a 
variety of physiological processes, such as long-term potentiation (learning and memory), the 
development of synaptic plasticity, motor control, respiratory and cardiovascular regulation, and 
sensory perception. 

Excitatory amino acid receptors are classified into two general types and both are activated by 
L-Glutamic acid and its analogs. Receptors activated by L-Glutamic acid that are directly coupled 
to the opening of cation channels in the cell membrane of the neurons are termed "ionotropic." 
This type of receptor has been subdivided into at least three subtypes, which are defined by the 
depolarizing actions of the selective agonists N-Methyl-D-aspartate (NMDA), a-Arnino-3- 
hydroxy-5-methylisoxazole-4-propionic acid (AMP A), and Kainic acid (KA). 

The second general type of receptor is the G-protein or second messenger-linked "metabotropic" 
excitatory amino acid receptor This second type is coupled to multiple second messenger 
systems that lead to enhanced phosphoinositide hydrolysis, activation of phospholipase D, 
increases or decreases in cAMP formation, and changes in ion channel function (Schoepp and 

Conn, Trends in 

Pharmacological Science, 14:13, 1993). Both types of receptors appear not only to mediate 
normal synaptic transmission along excitatory pathways but also to participate in the modification 
of synaptic connections during development and throughout life. 

So far eight different clones of the G-protein-coupled metabotropic glutamate receptors 
(mGluRs) have been identified (Knopfel et al., 1995, J. Med. Chem., 38,-1417-1426). These 
receptors function to modulate the presynaptic release of L-Glutamate, and the postsynaptic 
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sensitivity of the neuronal cell to L-dutamate excitation. Based on pharmacology, sequence 
homology and the signal transduction pathway that they activate, the mGluRs have been 
subclassified into three groups. The mGluRl and mGluR5 receptors form group I. They are 
coupled to hydrolysis of phosphatidylinositol (PI) and are selectively activated by (ifcS)-3,5- 
dihydroxyphenylglycine (Brabet et al., Neuropharmacology, 34, 895-903, 1995). Group U ' 
comprises mGluR 2 and mGluR 3 receptors. They are negatively coupled to adenylate cyclase and 
are selectively activated by (2S,1 7?,27?,3 7?)-2-(2,3-dicarboxycyclopropyl)glycine (DCG-IV; 
Hayashi et al., Nature, 366, 687-690, 1993). Finally, the mGluR*, mGluR,, mGluR, and mGluRg 
receptors belong to group III. They are also negatively coupled to adenylate cyclase and are 
selectively activated by (L)-2-amino-4-phosphonobutyric acid (L-AP4; Knopfel et al., 1995, J. 
Med Chem., 38, 1417-1426). 

Agonists and antagonists of these receptors are believed useful for the treatment of acute and 
chronic neurodegenerative conditions, and as antipsychotic, anticonvulsant, analgesic, anxiolytic, 
antidepressant, and anti-emetic agents. Antagonists and agonists of neural receptors are classified 
as selective for a particular receptor or receptor subtype, or as non-selective. Antagonists may 
also be classified as competitive or non-competitive. While competitive and non-competitive 
antagonists act on the receptors in a different manner to produce similar results, selectivity is 
based upon the observations that some antagonists exhibit high levels of activity at a single 
receptor type, and little or no activity at other receptors. In the case of receptor-specific diseases 
and conditions, the selective agonists and antagonists are of the most value. 

Compounds such as L-Glutamic acid, Quisqualic acid and Ibotenic acid are known to act as non- 
selective agonists on the mGluRs, while selective ionotropic glutamate receptor agonists such 
as NMD A, AMP A and Kainic acid have little effect on these receptors. Recently a few 
compounds without activity at the ionotropic glutamate receptors but with activity at the 
metabotropic receptors have been identified. These include /raw-ACPD (trans (lS,3R-\- 
aminocyclopentane-l,3-dicarboxylic acid), the partial agonist L-AP3 (L-2-amino-3- 
phosphonopropionic acid. Palmer, E., Monaghan, D. T. and Cotman, C. W. Eur. J. Pharmacol. 
166, 585-587, 1989; Desai, M. A and Conn, P. J. Neuroscience Lett. 109, 157-162, 1990, 
Schoepp, D. D. et al., J. Neurochemistry. 56, 1789-1796, 1991; Schoepp D. D. and Johnson B. 
G J. Neurochem/sny 53, 1865-1613, 1989), L-AP4 (L-2-amino-4-phosphonobutyric acid) which 
is an agonist at the mGluR4 receptor (Thomsen C. et al., Eur. J. Pharmacol. 227, 361-362, 
* 1 992) and some of the isomers of CCG (2-(carboxycyclopropyl) g lycines) especially L-CCG-I and 
L-CCG-I1 (Hayashi, Y. et al., Br. J. Pharmacol. 107, 539-543, 1992) 
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Very few selective antagonists at the mGluRs have been reported. However some phenylglycine 
derivatives, ^-4CPG (5-4-carboxyphenylglycine), S-4C3HPG (S-4-carboxy -3- 
hydroxyphenylglycine) and S-MCPG (S^-methyl-4-carboxyphenylglycine) have been reported 
to antagonize irans-ACPD- stimulated phosphoinositide hydrolysis and thus possibly act as 
antagonists at mGluRj and mGluR 5 subtypes (Thomsen, C. and Suzdak, P, Eur. J. Pharmacol. 
245, 299, 1993). 

Research directed towards mGluRs is beginning to show that mGluRs may be implicated in a 
number of normal as well as pathological mechanisms in the brain and spinal cord. For example, 
activation of these receptors on neurons can: influence levels of alertness, attention and 
cognition; protect nerve cells from excitotoxic damage resulting from ischemia, hypoglycemia 
and anoxia; modulate the level of neuronal excitation; influence central mechanisms involved in 
controlling movement; reduce sensitivity to pain; reduce levels of anxiety. 

The use of compounds active at the mGluRs for the treatment of epilepsy is corroborated by 
investigations of the influence of /ra/w-ACPD on the formation of convulsions (Sacaan and 
Schoepp, NeuroscienceLett. 139, 77, 1992) and that phosphoinositide hydrolysis mediated via 
mGluR is increased after kindling experiments in rats (Akiyama et al. Brain Res. 569, 71, 1992). 
Trans-ACPD has been shown to increase release of dopamine in the rat brain, which indicates 
that compounds acting on the mGluRs might be usable forthe treatment of Parkinson's disease 
and Huntington's Chorea (Sacaan et al , J. Neurochemistiy 59, 245, 1992). 

Trans-ACPD has also been shown to be a neuroprotective agent in a medial cerebral artery 
occlusion (MCAO) model in mice (Chiamulera et al. Eur. J. Pharmacol. 215, 353, 1992), and 
it has been shown to inhibit NMDA-induced neurotoxicity in nerve cell cultures (Koh et al., 
Proc. Natl. Acad. Sci. USA 88, 943 1, 1991). The mGluR-active compounds are also implicated 
in the treatment of pain. This is proved by the fact that antagonists at the metabotropic glutamate 
receptors antagonize sensory synaptic response to noxious stimuli of thalamic neurons (Eaton, 
S. A. et al , Eur. J. Neuroscience, 5, 186, 1993). 

The use of compounds active at the mGluRs for treatment of neurological diseases such as senile 
'dementia have aiso been indicated by the findings of Zheng and Galiagner {Neuron 9, 163, 1992) 
and Bashir et al. (Nature 363, 347, 1993) who demonstrated that activation of rnGluRs is 
necessary for the induction of long-term potentiation (LTP) in nerve cells (septal nucleus, 
hippocampus) and the finding that long-term depression is induced after activation of 
metabotropic glutamate receptors in cerebellar granule cells (Linden et al. Neuron 7, 81, 1 991 ). 
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Thus compounds that demonstrate either activating or inhibiting activity at mGluRs have 
therapeutic potential for the treatment of neurological disorders. These compounds have 
application as new drugs to treat both acute and chronic neurological disorders, such as stroke 
and head injuries; epilepsy; movement disorders associated with Parkinson's disease and ■ 
Huntington's chorea; pain; anxiety; AIDS dementia; and Alzheimer's disease. Since the mGluRs 
can influence levels of alertness, attention and cognition; protect nerve cells from excitotoxic 
damage resulting from ischemia, hypoglycemia and anoxia; modulate the level of neuronal 
excitation; influence central mechanisms involved in controlling movement; reduce sensitivity to 
pam; and reduce levels of anxiety, these compounds can also be used to influence these situations 
and also find use in learning and memory deficiencies such as senile dementia. mGluRs may also 
be involved in addictive behavior, alcoholism, drug addiction, sensitization and drug withdrawal 
(Science, 280:2045, 1998), so compounds acting at mGluRs might also be used to treat these 
disorders. 

The current pharmaceutical options for treating neurological disorders tend to be very general 
and non-specific in their actions in that, although they may reduce the clinical symptoms 
assocmted with a specific neurological disorder, they may also negatively impact normal function 
of the central nervous system of patients. Thus new cellular targets and drugs that are more 
specific in their actions require to be identified and developed and thus a need remains for 
chemical compounds that demonstrate specific binding characteristics towards mGluRs. 
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It is an object of this invention to provide novel compounds that demonstrate activity at the 
vanous metatropic glutamate receptors (mGluRs). In particular, a compound of Formula I 
and stereoisomers thereof: 



Rl 



"\ — 










\ 







(I) 



-R2 



R3 



wherein: 



Rl can be an acidic group selected from the group consisting of carboxyl, phosphono 
phosph.no, sulfono, sulfino, borono, tetrazol, isoxazol, -CH 2 -carboxyI, -CH 2 -pho S phono -CH 2 ^ 
phosptano. -CH 2 -sulfono, -CH 2 -suIfino, -CH 2 -borono, -CH 2 -tetrazol, -CH 2 -isoxazol and higher 
nomologues thereof; 

R2 can be a basic group selected from the group consisting of 1° amino, ? amino 3° amino 
quaternary ammonium salts, aliphatic 1° amino, aliphatic 2° amino, aliphatic 3° amino aliphatic 
quaternary ammonium salts, aromatic 1° ammo, aromatic T amino, aromatic 3° amino' aromatic 
quaternary ammonium salts, imidazol, guanidino, boronoamino, allyl, urea, thiourea,' 

R3 can be H, aliphatic, aromatic or heterocyclic, 

R4 can be an acidic group selected from the group consisting of carboxyl,' phosphono 
phosphino, sulfono, sulfino, borono, tetrazol, isoxazol; 

and pharmaceutical^ acceptable salts thereof. 
DETAILED DESCRIPTION OF THE INVENTION 

The terms and abbreviations used in the instant examples have their normal meanings unless 
otherwise designated For example "°C refers to degrees Celsius, "N" refers to normal or 
normahty: "mmol" refers to millimo.e or millimoles; -g- refers to gram or grams; "mL" means 
rmlhhter or milliliters; "M" refers to molar or molarity, "MS" refers to mass spectrometry »IR" 
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refers to infrared spectroscopy; and "NMR" refers to nuclear magnetic resonance spectroscopy. 

As would be understood by the skilled artisan throughout the synthesis of the compounds of 
Formula I, it may be necessary to employ an amino-protecting group or a carboxy-protecting 
group in order to reversibly preserve a reactively susceptible amino or carboxy functionality 
while reacting other functional groups on the compound. 

Examples of such amino-protecting groups include formyl, trityl, phthalimido, trichloroacetyl, 
chloroacetyl, bromoacetyl, iodoacetyl, and urethane-type blocking groups such as 
benzyloxycarbonyl, 4-phenylbenzyloxycarbonyl, 2-methylbenzyloxycarbonyl, 

4-methoxybenzyIoxycarbonyI, 4- fluorobenzyloxycarbonyl, 4-chlorobenzyloxycarbonyl, 

3- chlorobenzyIoxycarbonyl, 2-chlorobenzyloxycarbonyl, 2,4-dichlorobenzyloxycarbonyl, 

4- bromobenzyloxycarbonyl, 3-bromobenzyloxycarbonyl, 4-nitrobenzyloxycarbonyl, 
4-cyanobenzyloxycarbonyl, /-butoxycarbonyl, 2-(4-xenyl)-isopropoxycarbonyI, 
1 , 1 -diphenyleth- 1 -yloxycarbonyl, 1 , 1 -diphenylprop- 3 -yloxycarbonyl, 
2-phenylprop-2-yioxycarbonyI, 2-(p-toluyl)-prop-2 -yloxycarbonyl, cyclopentanyloxy-carbonyl, 
1 -methylcyclopentanyloxycarbonyL, cyclohexanyloxycarbonyl, 1 -methylcyclohexanyloxycarbonyl, 
2-methyIcyclohexanyloxycarbonyl, 2-(4-toluylsulfono)-ethoxycarbonyl, 
2-(methylsulfono)ethoxycarbonyl, 2-(triphenylphosphino)~ethoxycarbonyI, 
fluorenylmethoxycarbonyl ("FMOC"), 2-(trimethylsilyl)ethoxycarbonyl, allyloxycarbonyl, 
1 -(trimethylsilylmethyl)prop- 1 -enyloxycarbonyl, 5-benzisoxalylmethoxycarbonyl, 
4-acetoxybenzyIoxycarbonyl, 2,2,2-tricWoroethoxycarbonyl, 2-ethynyl-2-propoxycarbonyl, 
cyclopropylmethoxycarbonyl, 4-(decycloxy)benzyloxycarbonyl, isobornyloxycarbonyl, 
l-piperidyloxycarbonlyl and the like; benzoylmethylsulfono group, 2-nitrophenylsulfenyl, 
diphenylphosphine oxide and like amino-protecting groups. The species of amino-protecting 
group employed is not critical so long as the derivatized amino group is stable to the condition 
of subsequent reaction(s) on other positions of the intermediate molecule and can be selectively 
removed at the appropriate point without disrupting the remainder of the molecule including any 
other amino-protecting group(s). Preferred amino-protecting groups are r-butoxycarbonyl 
(/-Boc), allyloxycarbonyl and benzyloxycarbonyl (CbZ) Further examples of these groups are 
found in E. Haslam in Protective Groups in Organic Synthesis; McOmie, J. G. W., Ed. 1973, 
at Chapter 2; and Greene, T.W. and Wuts, P. G. M, Protective Groups in Organic Synthesis, 
Second edition; Wiley-Interscience: 1991; Chapter 7. 

Examples of such carboxyl-protecting groups include methyl, yy-nitrobenzyl, /?-methylbenzyl, 
/7-methoxybenzyl, 3,4-dimethoxybenzyI, 2,4-dimethoxybenzyI, 2,4,6-trimethoxybenzyl, 
2,4,6-trimethyIbenzyl, pentamethylbenzyl, 3,4-methylenedioxybenzyl, benzhydryl, 
4,4-dimethoxybenzhydryh 2,2\4,4*-tetramethoxybenzhydryU /-butyl, /-amy], trityl, 
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4-methoxytrityl, 4,4'-dimethoxvtrityI, 4,4 , ,4"-trimethoxytrityI, 2-phenyIprop-2-yl, trimethylsilyl, 
/-butyldimethylsilyl, phenacyl, 2,2,2-trichIoroethyl, P-(di(n-butyl)methylsilyI)ethyl, 
/7-toluenesulfonoethyl, 4-nitrobenzylsulfonoethyl, allyl, cinnamyl, 

l-(trimethylsilyimethyl)prop-l-en-3-yl and like moieties. Preferred carboxyl-protecting groups are 
allyl, benzyl and /-butyl. Further examples of these groups are found in E. Haslam, supra, at Chapter 
5; and T. W. Greene and P. G. M. Wuts, supra, at Chapter 5. 

The present invention provides a compound of the formula: 

R 1 




wherein: 

Rl can be an acidic group selected from the group consisting of carboxyl, phosphono, phosphino, 
sulfono, sulfino, borono. tetrazol, isoxazol, -CH 2 -carboxyl, -CH 2 -phosphono, -CH 2 -phosphino, - 
CH 2 -sulfono, -CH 2 -sulfino, -CH 2 -borono, -CH 2 -tetrazol, -CH 2 -isoxazol and higher analogues 
thereof; 

R2 can be a basic group selected from the group consisting of 1° amino, 2° amino, 3° amino, 
quaternary ammonium salts, aliphatic 1° amino, aliphatic 2° amino, aliphatic 3° amino, aliphatic 
quaternary ammonium salts, aromatic 1° amino, aromatic 2° amino, aromatic 3° amino, aromatic 
quaternary ammonium salts, imidazol, guanidino, boronoamino, allyl, urea, thiourea ; 

R3 can be H, aliphatic, aromatic or heterocyclic; 

R4 can be an acidic group selected from the group consisting of carboxyl, phosphono, phosphino, 
sulfono, sulfino, borono, tetrazol, isoxazol; 



and pharmaceuiicaliy acceptable saitj thereof. 
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In particular compounds wherein the compound of Formula I is selected from the group 
consisting of: 



Rl. 



(I> 



R4' 



R2 



R3 



wherein: 



Rl is COOH 
R2 is Nil, 

R3 can be H or methyl or xanthyl or thioxanlhyl or -CH 2 -xanthyl or -CH r thioxanthyl and 
R4 is COOH 



While all of the compounds of Formula I are believed to demonstrate activity at the metabotrapic 
glutamate receptors (mGluRs), certain groups of Formula 1 compounds are more preferred for 
such use. , 



As noted above, this invention includes the pharmacoutically acceptable .salts of the compounds 
defined by Formula 1. A compound of this invention can possess a sufficiently acidic, a 
sufficiently basic, or both functional groups, and accordingly njacl with any of a number of 
organic and inorganic bases, and inorganic and organic acids, to form a pharmaceutical^ 
acceptable salt. 

The term "pharmaceuUcally acceptable salt" as used herein, refers to salts of the compounds of 
the above formula which are substantially non-toxic to living organisms. Typical 
pharmaceutical ly acceptable salts include those salts prepared by reaction or the compounds of 
the present invention with a pharmaccutically acceptable mineral or organic acid or on organic 
or inorganic base. Such salts are known as acid addition and base addition salts. 

Adds commonly cmpioyed It) form acid addition sails are inorganic acids such as hydrochloric acid, 
hydrobiuxnic acid, hydriodic acid, sulfuric acid, phosphrwic acid, and the like, and organic acids such as 
/?-tolucn2siilforac add, mcthancsulftinic acid, oxalic acid, p-brornophenyLsulfonic acid, carbonic 
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acid, succinic acid, citric acid, benzoic acid, acetic acid, and the like. Examples of such 
pharmaceutical^ acceptable salts are the sulfate, pyrosulfate, bisulfate, sulfite, bisulfite, phosphate, 
monohydrogenphosphate, dihydrogenphosphate, metaphosphate, pyrophosphate, bromide, iodide, 
acetate, propionate, decanoate, caprylate, acrylate, formate, hydrochloride, dihydrochloride, ' 
isobutyrate, caproate, heptanoate, propiolate, oxalate, malonate, succinate, suberate, sebacate, 
fiimarate, maleate, butyne~l,4-dioate, hexyne-l,6-dioate, benzoate, chlorobenzoate, methylbenzoate, 
hydroxybenzoate, methoxybenzoate, phthalate, xylenesulfonate, phenylacetate, phenylpropionate, 
phenylbutyrate, citrate, lactate, gamma-hydroxybutyrate, glycolate, tartrate, methanesulfonate, 
propanesulfonate, naphthalene- 1 -sulfonate, napththaIene-2-sulfonate, mandelate and the like. 
Preferred pharmaceutical^ acceptable acid addition salts are those formed with mineral acids such 
as hydrochloric acid and hydrobromic acid, and those formed with organic acids such as maleic acid 
and methanesulfonic acid 

Salts of amine groups may also comprise quaternary ammonium salts in which the amino nitrogen 
carries a suitable organic group such as an alky!, alkenyl, alkynyl, or aralkyl moiety. 

Base addition salts include those derived from inorganic bases, such as ammonium or alkali or 
alkaline earth metal hydroxides, carbonates, bicarbonates, and the like. Such bases useful in 
preparing the salts of this invention thus include sodium hydroxide, potassium hydroxide, ammonium 
hydroxide, potassium carbonate, sodium carbonate, sodium bicarbonate, potassium bicarbonate, 
calcium hydroxide, calcium carbonate, and the like. The potassium and sodium salt forms are 
particularly preferred 

It should be recognized that the particular counterion forming a part of any salt of this invention is 
usually not of a critical nature, so long as the salt as a whole is pharmacologically acceptable and as 
long as the counterion does not contribute undesired qualities to the salt as a whole. This invention 
further encompasses the pharmaceutical^ acceptable solvates of the compounds of Formula I. Many 
of the Formula I compounds can combine with solvents such as water, methanol, ethanol and 
acetonitrile to form pharmaceutical^ acceptable solvates such as the corresponding hydrate, 
methanolate, ethanolate and acetonitrilate. 

The compounds of the present invention have multiple asymmetric (chiral) centers As a 
consequence of these chiral centers, the compounds of the present invention occur as racemates. 
mixtures of enantiomers and as individual enantiomers, as well as diastereomers and mixtures of 
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diastereomers. All asymmetric forms, individual isomers and combinations thereof, are within the 
scope of the present invention. 

The prefixes n R n and "S" are used herein as commonly used in organic chemistry to denote the 
absolute configuration of a chiral center, according to the Cahn-Ingold-Prelog system. The 
stereochemical descriptor R (rectus) refers to that configuration of a chiral center with a clockwise 
relationship of groups tracing the path from highest to second-lowest priorities when viewed from 
the side opposite to that of the lowest priority group. The stereochemical descriptor S (sinister) 
refers to that configuration of a chiral center with a counterclockwise relationship of groups tracing 
the path from highest to second-lowest priority when viewed from the side opposite to the lowest 
priority group. The priority of groups is decided using sequence rules as described by Cahn et al., 
Angew. Chem. y 78, 413-447, 1966 and Prelog, V. and Helmchen, G , Angew. Chew, I?n. Ed Eng., 
21, 567-583, 1982). 

In addition to the R,S system used to designate the absolute configuration of a chiral center, the 
older d-l system is also used in this document to denote relative configuration, especially with 
reference to amino acids and amino acid derivatives. In this system a Fischer projection of the 
compound is oriented so that carbon- 1 of the parent chain is at the top. The prefix M D M is used to 
represent the relative configuration of the isomer in which the functional (determining) group is on 
the right side of the carbon atom at the chiral center and "L", that of the isomer in which it is on the 
left. 

As would be expected, the stereochemistry of the Formula I compounds is critical to their potency 
as agonists or antagonists. The relative stereochemistry is established early during synthesis, which 
avoids subsequent stereoisomer separation problems later in the process. Further manipulation of 
the molecules then employs stereospecific procedures so as to maintain the preferred chirality. The 
preferred methods of this invention are the methods employing those preferred compounds. 

Non-toxic metabolically-labile esters and amides of compounds of Formula I are ester or amide 
derivatives of compounds of Formula I that are hydrolyzed in vivo to afford said compounds of 
Formula I and a pharmaceutical^ acceptable alcohol or amine. Examples of metabolically-labile 
esters include esters formed with (1-6C) alkanols in which the alkanol moiety may be optionally 
substituted by a-(J-SC) alkoxy group, for example methanol, ethanoL propanol and methoxyethanol 
Examples of metabolically-labile amides include amides formed with amines such as methylamine 
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According to another aspect, the present invention provides a process for the preparation of a 
compound of Formula I, or a pharmaeeutLcally acceptable mctabolically-Jabile ester or arnidc 
thereof, or a pharmaceutical^ acceptable salt thereof, which comprises: 

(a) hydro! y zing a compound of formula (Ha): 



wherein: R'1 is an acidic group selected from the group consisting of carboxyl, phosphono. 
phosphino, sulfono, sulfino, borono, tctrazol, Lsoxazol, -a^-carboxyl, -CH^-phosphono, -CH 2 - 
phosphino. -CH 2 -sulfono, -CH r suJfino. -CH r borono, -CH^tetrajca!, CH 2 -isoxazol and higher 
analogues thereof, or a protected form thereof R3 can be H, aliphatic, aromatic or heterocyclic 
and R5 represents a hydrogen atom or an acy] group* Preferred values for R5 are hydrogen and 
(2-6C) alfcanoyl groups, such as acetyl; or 

(b) deprotccting and hydrolyzing a compound of formula (II b) 




OJa) 




(lib) 



wherein: K'L and R3 arc as defined above; or 
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(c) hydrolyzing a compound of formula: 




wherein: R'L and R3 has the meaning defined above, R6 and R7 each independenUy represent a 
hydrogen atom; a (2-6C) alkanoyl group, a (1-4C) alkyl group, a (3-4C) alkenyl group or a 
phenyl (1-4C) alkyl group in which the phenyl is unsubstituted or substituted by halogen. (1-4C) 
alkyl or (1-4C) alkoxy, or a salt thereof; or 
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td) deprotecling a compound of formula; 



R'1 




NHR9 



CO^R 



(IV) 



wherein: R'l and R3 ha* the meaning defined above, R8 represents a hydrogen atom or a carboxyl 
protecting group, or a sail thereof, and R9 represents a hydrogen atom or a nitrogen protecting 
group; 

whereafter, if necessary and^or desired: 

(i) rcsotving the compound of Formula I; 

(ii) converting the compound of Formula 1 into a non- toxic mclahoticaliy-labile ester or amide 
thereof; 

and/on 

(ili) converting the compound of Formula I or a non -toxic metaboHcally- labile aster or amide thereof 
into a pharmaceutical ly acceptable salt thereof- 

The protection of carboxylic acid and amine groups is generally described in McOmie, Protecting 
Groups* in Organic Chemistry, Plenum Press, NY, 1973, and Greene and Wuts, Protecting Groups 
In Organic Synthesis, 2nd. Ed. f John Wiley & Sons, NY, 1 991. Examples of carboxyl protecting 
groups include alkyi groups such as mcthy I, ethyl, r-butyl and /-amy I; aralkyi groups such as benzyl, 
4-nitrobenzyI, 4-methoxybenzyl, 3,4-dirnethnxybcnzyl, 2,4-dimethoxy benzyl, 

2,4, 6-uimcthoxy benzyl, 2,4,6-lrimelhylbunzyI, benzhydryl and trilyl; silyl groups such as 
trimcchylsilyl and /-butyldimcthylsilyt; and allyl groups such as ally I and 
l-(trimelhyisilylmethyI)prop-l-en-3-yl. 

Examples of amine- protecting groups include acyl groups, such as groups of formula R9 CO in 
which R9 represents (1-6C) aLkyl, (3-10C) cycloalkyi, phenyl(l-6C) ailtyl, phenyl(i-6C) alkoxy, or 
a (3-1 0C) cycloalkoxy, wherein a phenyl group may optionally be substituted by one or two 
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mibstituems independently selected from amino, hydroxy, nitre, halogeno, (1-60 alkyl. <1-6C> 
alkoxy, carboxyl, (1-6C) alkoxycarbonyl, carbamoyl, (1-6C) alkaru>ylamino. ' (1-6C) 
alkylsulphonylamino, phenylsulphonylamino. toluencsulphonylamino, and (1-6C) fluoroalkyl. 

The compounds of Formula II are conveniently hydmlyxed in the presence of an acid, such as 
hydrochloric acid or sulfuric acid, or a base, such as an alkali metal hydroxide, for example sodium 
hydroxide. The hydrolysis is conveniently performed in an aqueous solvent such as water and at a 
temperature in the range of 50 to 200 °C. 

The compound* of Formula Til arc conveniently hydroiyzed in the presence of a base, for example 
an alkali metal hydroxide such as lithium, sodium or potassium hydroxide, or an alkaline earth metal 
hydroxide such as barium hydroxide. Suitable reaction media include walcr. The temperature us 
conveniently in the range of from 50 to 150 °C. 

The compounds of Formula IV may be doprotected by a conventional method. Thus, an alkyl 
carboxyl protecting group may be removed by hydrolysis. The hydrolysis may conveniently be 
performed by heating the compound of Formula IV in the presence of either a base, for example an 
alkali metal hydroxide such as lithium, sodium or potassium hydroxide, or an alkaline metal 
hydroxide, such as barium hydroxide, or an acid such as hydrochloric acid. The hydrolysis is 
conveniently performed at a temperature in the range: from 10 to 300 °C. An aralkyl carboxyl 
protecting group may conveniently be removed by hydrogenolysis. The hydrogenolysis may 
conveniently be effected by reacting tlie compound of Formula IV with hydrogen in the presence 
of a Group Vfll metal catalyst, for examplo a palladium catalyst such as palladium on charcoal. 
Suitable solvents for the reaction include alcohols such as ethanol. The reaction is conveniently 
performed at a temperature in the range from 0 tol 00 °C. An acyl, amine protecting group is also 
conveniently removed by hydrolysis, for example as described for the removal of an alkyl carboxyl 
protecting group. 

The compounds or Formula fl may he prepared by reacting a compound of formula (V): 




(V> 
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with an alkali metal cyanide, such as lithium, sodium or potassium cyanide, and an ammonium 
haiide. such as ammonium chloride, conveniently in the presence of ultrasound. Thus, the 
ammonium haiide is mixed with chromatography grade alumina in the presence of a suitable diluent 
such as accionirrile. The mixture is then irradiated with ultrasound, whereafter the compound or 
Formula V is added, and the mixture is again irradiated. The alkali metal cyanide is then added, 
followed by further irradiation with ultrasound. 

Individual Isomers of compounds of Formula 1 may be made by reacting a compound of the Formula 
V with the stereoisomers of die ehiraJ agent tV)- and {/?) -phony Iglycinnl and a reactive cyanide such 
as trimelhylsilyl cyanide. 

Tho compounds of Formula 111 may bo prepared by reacting a compound of Formula V with an 
alkali metal cyanide, such as lithium, sodium or potassium cyanide, and ammonium carbonate or 
ammonium carbamate. Convenient solvents include water, dilute ammonium hydroxide, alcohols 
such as methanol iiquooux methanol and aqueous ethanoK Conveniently the reaction is performed 
at a temperature in the range of from 10 to 150 ° C. If desired, the compounds of Formula III may 
then be alkylated, for example using an appropriate compound of formula R6 CI and/or R7 CK 

The compounds of Formula V can be prepared by reacting a compound of formula: 




with a chlorinating agent such a& thionyl chloride or phosphorous (V) chloride, followed by reaction 
with organo copper or organo metal or Grignard reagent derived from R3 X or by reaction with ethyl 
hydrogen malonaLe in the presence of organolithium, wheToin B.3 has the meaning defined above 

and X is nalogcn. - 
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The compounds of Formula V can also be prepared by oxidizing a compound of formula 



R'1 



(VII) 



CH 2 OH 



under Swcrn conditions. 



The compounds of Formula VI can be prepared from compounds of formula: 



r:i 



(vm> 



co 2 r 



by reduction. 



When R'l is C0 2 Me, this compound can be bought commercially. When R'l is another substituent, 
the compound of Formula VIII can be made using standard procedures. 

Many of the intermediates described herein, for example the compounds of Formula n, III and IV 
arc believed to be! novel, and arc provided as further aspects of the invention. 

The Formula I compounds of the present invention are agonists or antagonists al certain 
metabotropic excitatory amino acid receptors (mOluRs), Therefore, another aspect of the present 
invention is a method of affecting mGlufts in mammals, which comprises administering to a 
mammal requiring modulated excitatory amino acid neurotransmission a 
pharmacologically-effective amount of a compound of Formula 1. The term 
"pharmacologically-effective amount" is used to represent an amount of the compound of the 
invention that is capable of affecting the mGluRs. By afisciing, a compound of the invention is 
acting as an agonist or antagonist. When a compound of the 
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invention acts as an agonist, the interaction of the compound with the excitatory amino acid receptor 
mimics the response of the interaction of this receptor with its natural ligand (i.e. L-Glutamic acid). 
When a compound of the invention acts as an antagonist, the interaction of the compound with the 
excitatory amino acid receptor blocks the response of the interaction of this receptor with its natural 
ligand (i.e. L- Glutamic acid). 

The particular dose of compound administered according to this invention will, of course, be 
determined by the particular circumstances surrounding the case, including the compound 
administered, the route of administration, the particular condition being treated, and similar 
considerations. The compounds can be administered by a variety of routes including oral, rectal, 
transdermal, subcutaneous, intravenous, intramuscular, or intranasal routes. Alternatively, the 
compound may be administered by continuous infusion. Atypical daily dose will contain from about 
0.001 mg/kg to about 100 mg/kg of the active compound of this invention. Preferably, daily doses 
will be about 0.05 mg/kg to about 50 mg/kg, more preferably from about 0.1 mg/kg to about 20 
mg/kg 

A variety of physiological functions have been shown to be subject to influence by excessive or 
inappropriate stimulation of excitatory amino acid transmission. The Formula I compounds of the 
present invention are believed (through their interactions at the mGluRs) to have the ability to treat 
a variety of neurological disorders in mammals associated with this condition, including acute 
neurological disorders such as cerebral deficits subsequent to cardiac bypass surgery and grafting, 
cerebral ischemia (e.g. stroke and cardiac arrest), spinal cord trauma, head trauma, perinatal hypoxia, 
and hypoglycemic neuronal damage. The Formula I compounds are believed to have the ability to 
treat a variety of chronic neurological disorders, such as Alzheimer's disease, Huntington's Chorea, 
amyotrophic lateral sclerosis, AIDS-induced dementia, ocular damage and retinopathy, cognitive 
disorders, and idiopathic and drug-induced Parkinson's disease. The present invention also provides 
methods for treating these disorders which comprises administering to a patient in need thereof an 
effective amount of a compound of Formula I. 

The Formula I compounds of the present invention (through their interactions at the mGluRs) are 

aiso believed to have the ability tc treat a variety of other neurologica: disorders: in mammals that 
are associated with glutamate dysfunction, including muscular spasms, convulsions, migraine 
headaches, urinary incontinence, psychosis, drug tolerance, withdrawal, and cessation (i e opiates, 
benzodiazepines, nicotine, cocaine, or ethanol), smoking cessation, anxiety and related disorders 
(e g. panic attack), emesis, brain edema, chronic pain, sleep disorders, Tourette's syndrome, attention 
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deficit disorder, and tardive dyskinesia. Therefore, the present invention also provides methods for 
treating these disorders which comprise administering to a patient in need thereof an effective 
amount of the compound of Formula I. 

The Formula I compounds of the present invention (through their interactions at the mGIuRs) are 
also believed to have the ability to treat a variety of psychiatric disorders, such as schizophrenia, 
anxiety and related disorders (e.g. panic attack), depression, bipolar disorders, psychosis, and 
obsessive compulsive disorders. The present invention also provides methods for treating these 
disorders which comprises administering to a patient in need thereof an effective amount of a 
compound of Formula I. 

The pharmacological properties of the compounds of the invention can be illustrated by determining 
their effects in various functional in vitro assays. The compounds of the invention were studied in 
an in vitro assay that measured the inhibition of PI hydrolysis or the formation of cyclic AMP in 
Chinese hamster ovary cell lines expressing mGluRia, mGluR 2 and mGluR^ cloned metabotropic 
glutamate receptors. 

Principle 

So far eight different clones of the G-proteTn-coupled mGIuRs have been identified (Knopfel et al , 
1995, 7. Med Chem., 38, 1417-1426). These receptors function to modulate the presynaptic release 
of L-Glutamate, and the postsynaptic sensitivity of the neuronal cell to L-Glutamate excitation. 
Based on pharmacology, sequence homology and the signal transduction pathway that they activate, 
the mGIuRs have been subclassified into three groups. The mGIuRi and mGluR 5 receptors form 
group I. They are coupled to hydrolysis of phosphatidylinositol (PI) and are selectively activated by 
(i?5)-3,5-dihydroxyphenylglycine (Brabet et al., Neuropharmacology, 34, 895-903, -1995). Group 
II comprises mGluR 2 and mGluR 3 receptors. They are negatively coupled to adenylate cyclase and 
are selectively activated by (25 , ,r/?,2 , /?,3 t i?)-2-(2,3-dicarboxycyclopropyl)glycine (DCG-IV; Hayashi 
et al., Nature, 366, 687-690, 1993). Finally, the mGluR*, mGluR^, mGluR? and mGIuRs receptors 
belong to group III. They are also negatively coupled to adenylate cyclase and are selectively 
activated by f5>2-amino-4-phosphonylbutvric acid (L-AP4; Knopfe! et al., 1995. J. Med. Cham , 
38, 1417-1426). 
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Cell Culture 

The Chinese hamster ovary cell lines expressing mGluRi a , mGluR 2 and mGluR4 a receptors have been 
described previously (Aramori and Nakanishi, Neuron 8, 757-765; 1992; Tanabe et al., Neuron 8, 
169-179, 1992; Tanabe et al., J. Neurosci. 13, 1372-1378). They were maintained at 37°C in a 
humified 5% C0 2 incubator in Dulbecco's Modified Eagle Medium (DMEM) containing a reduced 
concentration of (S)-glutamine (2mM) and were supplemented with 1% proline, penicillin (100 
U/ml), streptomycin (100 mg/ml) and 10% dialyzed fetal calf serum (all GIBCO, Paisley). Two days 
before assay 1.8 x 10 6 cells were divided into the wells of 24 well plates. 



Second Messenger Assays 

PI hydrolysis was measured as described previously (Hayashi et al., Br. J. Pharmacol. 107, 539-543, 
1992; Hayashi et al, J. Neurosci. 14, 3370-3377, 1994). Briefly, the cells were labeled with 
[ J H]inositol (2 |aCi/ml) 24 h prior to the assay. For agonist assays, the cells were incubated with 
ligand dissolved in phosphate-buffered saline (PBS)-LiCl for 20 min, and agonist activity was 
determined by measurement of the level of 3 H-labeled mono-, bis- and tris-inositol phosphates by 
ion-exchange chromatography. For antagonist assays, the cells were preincubated with the ligand 
dissolved in PBS-LiCl for 20 min prior to incubation with ligand and 10 jaM (L)-Glutamic acid for 
20 min. The antagonist activity was then determined as the inhibitory effect of the (L)-Glutamic acid- 
mediated response. The assay of cyclic AMP formation was performed as described previously 
(Hayashi et al., Br. J. Pharmacol 107, 539-543, 1992; Hayashi et al., J. Neurosci. 14, 3370-3377, 
1994). Briefly, the cells were incubated for 10 min in PBS containing the ligand and 10 |aM forskolin 
and ImM 3-Isobutyl-l-methyxanthine (IBMX; both Sigma, St. Louis, MO, USA). The agonist 
activity was then determined as the inhibitory effect of the forskolin-induced cyclic AMP formation. 
For antagonist assay, the cells were preincubated with ligand dissolved in PBS containing 1 mM 
EBMX for 20 min prior to a 10 min incubation in PBS containing the ligand, 20 ^iM (mGluR 2 ) or 50 
\xM (mGiuP^ n ), (Lj-Giutamic acid, 1-C uM rorskoiin and I mM IBMX 

Results 

Some of the compounds of the invention were tested for antagonist activity against Chinese hamster 
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ovary cell lines expressing mGluRi a , mGluR? and mGluRia cloned mGluRs at a concentration of 
1 mM. When tested as antagonists of the increase in PI hydrolysis evoked by 10 (L)-Glutamic 
acid, some compounds of the invention effectively blocked this increase in PI hydrolysis by an action 
at the mGluRia receptor. The data for one of the compounds of the invention is shown in Figure 1 
below. 

According to another aspect, the present invention provides a method of modulating one or more 
metabotropic glutamate receptor functions in a warm-blooded mammal which comprises 
administering an effective amount of a compound of Formula I, or a non-toxic metabolically-labile 
ester or amide thereof, or a pharmaceutically acceptable salt thereof 

The compounds of the present invention are preferably formulated prior to administration. 
Therefore, another aspect of the present invention is a pharmaceutical formulation comprising a 
compound of Formula I and a pharmaceutically-acceptable carrier, diluent, or excipient The present 
pharmaceutical formulations are prepared by known procedures using well-known and readily 
available ingredients. In making the compositions of the present invention, the active ingredient will 
usually be mixed with a carrier, or diluted by a carrier, or enclosed within a carrier, and may be in 
the form of a capsule, sachet, paper, or other container. When the carrier serves as a diluent, it may 
be a solid, semi-solid, or liquid material that acts as a vehicle, excipient, or medium for the active 
ingredient 

The compounds of Formula I are usually administered in the form of pharmaceutical compositions. 
These compounds can be administered by a variety of routes including oral, rectal, transdermal, 
subcutaneous, intravenous, intramuscular, and intranasal. These compounds are effective as both 
injectable and oral compositions. Such compositions are prepared in a manner well known in the 
pharmaceutical art and comprise at least one active compound. 

The present invention also provides pharmaceutical compositions containing compounds as disclosed 
in the claims in combination with one or more pharmaceutically acceptable, inert or physiologically 

active, diluent or adjuvant. The compounds of the invention can be freeze-driec and, if desired, 
combined with other pharmaceutically acceptable excipients to prepare formulations for 
administration. These compositions may be presented in any form appropriate for the administration 
route envisaged The parenteral and the intravenous route are the preferential routes for 
administration 



19 





ii 



28-07-1999 



BCT/OA99/00311 

09 



RCT / CA ^ 9 / ISA-DESC26 

r JULY 1999 (0 9-07.99j 



Compounds of the general Formula I may be administered orally, topically, parenterally, by 
inhalation or spray or rectally in dosage unit formulations containing conventional non-toxic 
pharmaceutically acceptable carriers, adjuvants and vehicles. The term parenteral as used herein 
includes subcutaneous injections, intravenous, intramuscular, intrasternal injection or infusion 
techniques. In addition, there is provided a pharmaceutical formulation comprising a compound of 
general Formula I and a pharmaceutically acceptable carrier. One or more compounds of general 
Formula I may be present in association with one or more non-toxic pharmaceutically acceptable 
carriers and/or diluents and/or adjuvants and if desired other active ingredients. The pharmaceutical 
compositions containing compounds of general Formula I may be in a form suitable for oral use, for 
example, as tablets, troches, lozenges, aqueous or oily suspensions, dispersible powders or granules, 
emulsions, hard or soft capsules, or syrups or elixirs. 

Compositions intended for oral use may be prepared according to any known to the art for the 
manufacture of pharmaceutical compositions and such compositions may contain one or more agents 
selected from the group consisting of sweetening agents, flavouring agents, colouring agents and 
preserving agents in order to provide pharmaceutically elegant and palatable preparations. Tablets 
contain the active ingredient in admixture with non-toxic pharmaceutically acceptable excipients that 
are suitable for the manufacture of tablets. These excipients may be for example, inert diluents, such 
as calcium carbonate, sodium carbonate, lactose, calcium phosphate or sodium phosphate: 
granulating and disintegrating agents for example, corn starch, or alginic acid* binding agents, for 
example starch, gelatin or acacia, and lubricating agents, for example magnesium stearate, stearic 
acid or talc. The tablets may be uncoated or they may be coated by known techniques to delay 
disintegration and absorption in the gastrointestinal tract and thereby provide a sustained action over 
a longer period. For example, a time delay material such as glyceryl monostearate or glyceryl 
distearate may be employed 

Formulations for oral use may also be presented as hard gelatin capsules wherein the active 
ingredient is mixed with an inert solid diluent, for example, calcium carbonate, calcium phosphate 
or kaolin.; or as soft gelatin capsules wherein the active ingredient is mixed with water or an oil 
medium, for example peanut oil, liquid paraffin or olive oil. 

Aqueous suspensions contain active materials in admixture with excipients suitable for the 
manufacture of aqueous suspensions Such excipients are suspending agents, for example sodium 
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carboxylmethylcellulose, methyl cellulose, hydropropylmethylcellulose, sodium alginate, 
polyvinylpyrrolidone, gum tragacanth and gum acacia: dispersing or wetting agents may be a 
naturally-occurring phosphatide, for example, lecithin, or condensation products of an alkylene oxide 
with fatty acids, for example polyoxyethylene stearate, or condensation products of ethylene oxide 
with long chain aliphatic alcohols, for example hepta-decaethyleneoxycetanol, or condensation 
products of ethylene oxide with partial esters derived from fatty acids and a hexitol such as 
polyoxyethylene sorbitol monooleate, or condensation products of ethylene oxide with partial esters 
derived from fatty acids and hexitol anhydrides, for example polyethylene sorbitan monooleate. The 
aqueous suspensions may also contain one or more preservatives, for example ethyl, or w-propyl- 
/?-hydroxy benzoate, one or more colouring agents, one or more flavouring agents or one or more 
sweetening agents, such as sucrose or saccharin. 

Oily suspensions may be formulated by suspending the active ingredients in a vegetable oil, for 
example peanut oil, olive oil, sesame oil or coconut oil, or in a mineral oil such as liquid paraffin. 
The oily suspensions may contain a thickening agent, for example beeswax, hard paraffin or cetyl 
alcohol. Sweetening agents such as those set forth above, and flavouring agents may be added to 
provide palatable oral preparations. These compositions may be preserved by the addition of an anti- 
oxidant such as ascorbic acid. 

Dispersible powders and granules suitable for preparation of an aqueous suspension by the addition 
of water provide the active ingredient in admixture with a dispersing or wetting agent, suspending 
agent and one or more preservatives. Suitable dispersing or wetting agents and suspending agents 
are exemplified by those already mentioned above. Additional excipients, for example sweetening, 
flavouring and colouring agents, may also be present. 

Pharmaceutical compositions of the invention may also be in the form of oil-in-water emulsions. The 
oil phase may be a vegetable oil, for example olive oil or peanut oil, or a mineral oil, for example 
liquid paraffin or mixtures of these. Suitable emulsifying agents may be naturally-occurring gums, 
for example gum acacia or gum tragacanth, naturally-occurring phosphatides, for example soy bean, 
lecithin, and esters or partial esters derived from fatty acids and hexitol, anhydrides, for example 
sorbitan monooleate, and condensation products of the said partial esters with ethylene oxide, for 
example polyoxyethylene sorbitan monooleate. The emulsions may also contain sweetening and 
flavouring asents 
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Syrups and elixirs may be formulated with sweetening agents, for example glycerol, propylene 
glycol, sorbitol or sucrose. Such formulations may also contain a demulcent, a preservative and 
flavouring and colouring agents. The pharmaceutical compositions may be in the form of a sterile 
injectable aqueous or oleaginous suspension. This suspension may be formulated according to 
known art using those suitable dispersing or wetting agents and suspending agents that have been 
mentioned above. The sterile injectable preparation may also be a sterile injectable solution or a 
suspension in a non-toxic parentally acceptable diluent or solvent, for example as a solution in 1,3- 
butanediol. Among the acceptable vehicles and solvents that may be employed are water, Ringer's 
solution and isotonic sodium chloride solution. In addition, sterile, fixed oils are conventionally 
employed as a solvent or suspending medium. For this purpose any bland fixed oil may be employed 
including synthetic mono- or diglycerides. In addition, fatty acids such as oleic acid find use in the 
preparation of injectables. 

The compound(s) of the general Formula I may be administered, together or separately, in the form 
of suppositories for rectal administration of the drug. These compositions can be prepared by mixing 
the drug with a suitable non-irritating excipient which is solid at ordinary temperatures but liquid at 
the rectal temperature and will therefore melt in the rectum to release the drug. Such materials are 
cocoa butter and polyethylene glycols. 

Compound(s) of general Formula I may be administered, together or separately, parenterally in 
sterile medium. The drug, depending on the vehicle and concentration used, can either be suspended 
or dissolved in the vehicle. Advantageously, adjuvants such as local anaesthetics, preservatives and 
buffering agents can be dissolved in the vehicle. 

The dosage to be administered is not subject to defined limits, but it will usually be an effective 
amount. It will usually be the equivalent, on a molar basis of the pharmacologically active free form 
produced from a dosage formulation upon the metabolic release of the active free drug to achieve 
its desired pharmacological and physiological effects. The compositions are preferably formulated 
in a unit dosage form, each dosage containing from about 0.05 to about 100 mg, more usually about 
1.0 to about 30 mg, of the active ingredient. ^ The term "unit dosage form" refers to physically 
discrete units suitable as unitary dosages for human subjects and other mammals, each unit 
containing a predetermined quantity of active material calculated to produce the desired therapeutic 
effect, in association with a suitable pharmaceutical excipient 
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The active compound is effective over a wide dosage range. For examples, dosages per day normally 
fall within the range of about 0.01 to about 30 mg/kg of body weight. A typical daily dose will 
contain from about 0.01 mg/kg to about 100 mg/kg of the active compound of this invention. 
Preferably, daily doses will be about 0.05 mg/kg to about 50 mg/kg, more preferably from about 0.1 
mg/kg to about 25 mg/kg. In the treatment of adult humans, the range of about 0. 1 to about 15 
mg/kg/day, in single or divided dose, is especially preferred. However, it will be understood that 
the amount of the compound actually administered will be determined by a physician, in the light of 
the relevant circumstances, including the condition to be treated, the chosen route of administration, 
the actual compound administered, the age, weight, and response of the individual patient, and the 
severity of the patient's symptoms, and therefore the above dosage ranges are not intended to limit 
the scope of the invention in any way. In some instances dosage levels below the lower limit of the 
aforesaid range may be more than adequate, while in other cases still larger doses may be employed 
without causing any harmful side effect, provided that such larger doses are first divided into several 
smaller doses for administration throughout the day. 

The compositions are preferably formulated in a unit dosage form, each dosage containing from 
about 5 mg to about 500 mg, more preferably about 25 mg to about 300 mg of the active ingredient. 
The term "unit dosage form" refers to a physically discrete unit suitable as unitary dosages for human 
subjects and other mammals, each unit containing a predetermined quantity of active material 
calculated to produce the desired therapeutic effect, in association with a suitable pharmaceutical 
carrier, diluent, or excipient The following formulation examples are illustrative only and are not 
intended to limit the scope of the invention in any way 
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Formulation 1 

Hard gelatin capsules are prepared using the following ingredients: 

Quantity (mg/capsule) 



Active Ingredient 250 

Starch, dried 200 

Magnesium stearate 1 0 

Total 460 



The above ingredients are mixed and filled into hard gelatin capsules in 460 mg quantities 



Formulation 2 

A tablet is prepared using the ingredients below: 

Quantity (mg/tablet) 



Active Ingredient 250 

Cellulose, microcrystalline 400 
Silicon dioxide, fumed 10 
Stearic acid 5 

Total 665 



The components are blended and compressed to form tablets each weighing 665 mg. 

Formulation 3 

An aerosol solution is prepared containing the following components: 
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Active Ingredient 
Ethanol 

Propellant 22 (Chlorodifluoromethane) 
Total 



Weight % 

0.25 
29.75 
70.00 

100 



The active compound is mixed with ethanol and the mixture added to a portion of the Propellant 22, 
cooled to -30 °C and transferred to a filling device The required amount is then fed to a stainless 
steel container and diluted with the remainder of the propellant. The valve units are then fitted to 
the container. 



Formulation 4 

Tablets each containing 60 mg of active ingredient are made as follows: 



Quantity (mg/tablet) 



3 



5 



Active Ingredient 60 

Starch A c 

45 

Macrocrystalline cellulose 

Polyvinylpyrrolidone 4 

Sodium carboxymethyl starch 4 5 

Magnesium stearate 0 5 

Talc 1.0 

Total 15Q 



The active ingredient, starch, and cellulose are passed through a No. 45 mesh U.S. sieve and mixed 
thoroughly. The solution of polyvinylpyrrolidone is mixed with the resultant powders that are then 
passed through a No. 14 mesh U.S sieve. The granules so produced are dried at 50°C and passed 
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through a No. 18 mesh U.S. sieve. The sodium carboxymethyl starch, magnesium stearate, and talc, 
previously passed through a No. 60 mesh U.S. sieve, are then added to the granules which, after 
mixing, are compressed on a tablet machine to yield tablets each weighing 150 mg. 



Formulation 5 

Capsules each containing 80 mg medicament are made as follows: 

Quantity (mg/capsule) 



Active Ingredient 80 

Starch 59 

Microcrystalline cellulose 59 
Magnesium stearate 2 

Total 200 



The active ingredient, cellulose, starch, and magnesium stearate are blended, passed through a 
No. 45 sieve, and filled into hard gelatin capsules in 200 mg quantities. 



Formulation 6 

Suppositories each containing 225 mg of active ingredient may be made as follows: 

Quantity (nig/suppository) 

Active Ingredient 225 
Saturated fatty acid glycerides 2000 
Total 2225 

The active ingredient is passed through a No 60 mesh U.S. sieve and suspended in the saturated 
fatty acid glycerides previously melted using the minimum heat necessary. The mixture is then 
poured into a suppository mold of nominal 2 g capacity and allowed to cool ' 
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Formulation 7 

Suspensions each containing 50 mg of medicament per 5 mL dose are made as follows: 



Active Ingredient 50 mg 

Sodium carboxylmethyl cellulose 50 mg 

Syrup 1.25 mL 

Benzoic acid solution 0. 1 0 mL 
Flavour q.v. 
Color q.v. 

Purified water to total 5 mL 



The medicament is passed through a No. 45 mesh U.S. sieve and mixed with the sodium 
carboxymethyl cellulose and syrup to form a smooth paste. The benzoic acid solution, flavor and 
color are diluted with some of the water and added, with stirring. Sufficient water is then added 
to produce the required volume. 



Formulation 8 

An intravenous formulation may be prepared as follows: 

Quantity 

100 mg 
1 00 mg 
200 mL 
5 mL 



Formulation 9 

A topical formulation may be prepared as follows" 

27 



Active Ingredient 
Mannitol 

5 N Sodium hydroxide 
Purified water to total 
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Quantity 

Active Ingredient 1-1 0 g 

Emulsifying Wax 30 g 

Liquid Paraffin 20 g 

White soft paraffin to 1 00 g 

The white soft paraffin is heated until molten. The liquid paraffin and emulsifying wax are 
incorporated and stirred until dissolved. The active ingredient is added and stirring is continued 
until dispersed. The mixture is then cooled until solid. 



Formulation 10 

Sublingual or buccal tablets, each containing 10 mg of active ingredient, may be prepared as 
follows: 

Quantity (mg/tablet) 



Active Ingredi ent 10.0 

Glycerol 210.5 

Water 143 0 

Sodium Citrate 4 5 

Polyvinyl Alcohol 26 5 

Polyvinylpyrrolidone 1 5 5 

Total 410 0 



The glycerol, water, sodium citrate, polyvinyl alcohol, and polyvinylpyrrolidone are admixed 
together by continuous stirring and maintaining the temperature at about 90 °C. When the 
polymers have gone into solution, the solution is cooled to about 50°-55 °C and the medicament 
is slowly admixed. The homogenous mixture is poured into forms made of an inert material to 
produce a drug-containing diffusion matrix having a thickness of about 2-4 mm. This diffusion 
matrix is then cut to form individual tablets having the appropriate size 
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Another preferred formulation employed in the methods of the present invention employs 
transdermal delivery devices ("patches"). Such transdermal patches may be used to provide 
continuous or discontinuous infusion of the compounds of the present invention in controlled 
amounts. 

The construction and use of transdermal patches for the delivery of pharmaceutical agents is well 
known in the art (see, for example, U.S. Pat No. 5,023,252, issued Jun. 11, 1991) herein 
incorporated by reference. Such patches may be constructed for continuous, pulsatile, or on 
demand delivery of pharmaceutical agents. 

Frequently, it will be desirable or necessary to introduce the pharmaceutical composition to the 
brain, either directly or indirectly. Direct techniques usually involve placement of a drug delivery 
catheter into the host f s ventricular system to bypass the blood-brain barrier. One such implantable 
delivery system, used for the transport of biological factors to specific anatomical regions of the 
body, is described in U.S. Pat. No. 5,01 1,472, issued Apr. 30, 1991, which is herein incorporated 
by reference. 

Indirect techniques, which are generally preferred, usually involve formulating the compositions to 
provide for drug latentiation by the conversion of hydrophilic drugs into lipid-soluble drugs or 
prodrugs. Latentiation is generally achieved through blocking of the hydroxy, carbonyl, sulfate, and 
primary amine groups present on the drug to render the drug more lipid soluble and amenable to 
transportation across the blood-brain barrier. Alternatively, the delivery of hydrophilic drugs may 
be enhanced by intra-arterial infusion of hypertonic solutions that can transiently open the 
blood-brain barrier. 

EXAMPLES 

The following Examples illustrate the invention. The following abbreviations are used in the 
Examples: EtOAc, ethyl acetate; THF, tetrahydrofuran; EtOH, ethanol; TLC, thin layer 
chromatography; GC, gas chromatography; HPLC high pressure liquid chromatography; m-CPBA, 
m-chloroperbenzoic acid, Et 2 0, diethyl ether; DMSO, dimethyl sulfoxide; DBU, L8-diazabicyclo- 
[5 A0]undec-7-ene, MTBE, methyl /-butyl ether, FDMS, field desorption mass spectrometry and 
r t , room temperature. 
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Example 1: Synthesis of Cubanylglycinates IGT 1.0 series 




5 



Preparation 1 : 4-methoxycarbonylcubane carboxylic acid - 

A solution of cubane dimethyl ester (6.0g, 27.24 mmol) in 182 mL of dry THF is stirred under N 2 
at room temperature. A solution of methanolic NaOH (26.7 mmol, 10.7 mL 2.5 M) is added 
dropwise from a pressure equalized addition funnel and the resulting solution stirred at room 
temperature for 16 h. The mixture is evaporated under reduced pressure at r.t, the residue is taken 
up in 66 mL of water and extracted with 3 x 25 mL of chloroform. The aqueous layer is acidified 
to pH 3 with concentrated HC1 and extracted with 3 x 30 mL of chloroform. The combined organic 
layers were dried over magnesium sulphate, filtered and evaporated to give (2) 182-183 °C: *H 
NMR (CDCI3) 5 3.72 (s, 3H), 4.27 (m, 6H). 
Yield 5 1 g (91%). 

Preparation!'. 4-methoxycarbonyl- 1 -(hydro xymethyl) cubane 

The mono acid (2) (0 48 g) is dissolved in dry THF (5 mL) and cooled. to -70 °C A solution of 
BH : . in THF is added slowly with stirring. The reaction mixture is stirred at -78 °C for 4 hrs and 



30 



20.07^2000 *f 



PG¥/CA99/0031 1 



allowed to conic u> morn temperature. Water (3 mL) is added and stirred for 30 min, potassium 
carbonate (0.85 g) is added and the solution extracted with Et^O. The organic phase is dried over 
magnesium sulfate and evaporated to give the alcohol (3) 0.46 g (100%) m.p. 83-85 °C. 
NMRC200 MH*. solvent) 5: 1 ,58 (s, lH) t 3.62 (s, 3H). 3.72 (s, 2H), 3.81 (m, 3H), 4,1 (m, 3H). 

Preparation 3\ 4-inethoxycarbonyM-(formyl) cubane 

DMSO (0-7 mL, 9.68 mmol) is added to oxalyl chloride (0.42 mL, 4.84 mmoO in 12 mL of CrJ a CI 2 
at -78 °C. The alcohol (3) (0.46 g, 2,42 nunol) in 3 mL CH 2 C1 2 is added and stirred at -78 °C for 
1 .5 h. Trielhylamine (2,0 mL, 14.4 mmol) is added and the mixture is allowed to come to 0°C. 
Saturated ammonium chloride solution is added and the phases separated, the aqueous layer is 
extracted with CH 7 C1 7 , and the combined organic layers are dried (MgS0 4 ) f then evaporated to give 
crude product which is purified by flash chromatography (1:1 hcxanes:dicthyi ether) k> give 0.35 
g (76%) of pure product (4)- l H NMR (200 MH/. solvent) 5: 3,7 (s, 3H), 4.2 (m, 3H). 4.32 (m. 
3H), 9.72 fc. 1H). 

Preparation 4\ ^-methoxycailiony-l-rz^hydroxy-r-phenylethyl] methylnitrilocubane 

(tf)-phcnylglycinol (257 mg. 1.87 mmol) is added to a solution of the aldehyde (4) (035 g, 1.84 
mmol) in 14 mL of methanol. The solution is cooled lo 0 "C and TMSCN (0.49 mL, 3.68 mmol) 
is added and the mixture stirred at 0 °C overnight Evaporation of the solvent leaves a residue 
which is purified by chromatography (diethyl etherhexancs, 3:1) to give 0.48 g (77%) of pure 
product (5). l Il NMR (CDCl^) 6; 2.23 (s, 1H). 2.6 (br t 1H). 3.5-3.75 k 2H), 3.7 (s, 3H). 3.9 (m. 
3H), 4.11 (dd, 1H), 4.2 (m, 311), 7.3 <s, 5H>. 

Preparation 5: 4-carboxy- 1 -cubanylglycine 

Lead acetate (0.69 g, 1.57 mmol) Ls added to a stnrcd solution of nitrile (5) (0.4B g, 1.42 mmol) in 
dry methanol/dichloromethane 1:1 (t2 mL), After 10 min 10 mL of water u; added and the 
suspension filtered through celitc. The organic layer is dried and evaporated to give the crude 
irninc. The crude imine is refluxed wfth 6N HCI (30 mL) for 6 hr. The solution is evaporated In 
dryness and placed on anion exchange resin, cluting with IN acetic acid to yield the product (6). 
rnp. 241 *C (dec.) l li NMR (D 2 0) 5 3.96 (s, 1H), 4.01 (m, 3H), 4.14 (m, 3H). 
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Me0 2 C. 



C0 2 Me 



Me0 2 C 



MeQ 2 C 



MeQ 2 C 



C0 2 H 



COCI 



H0 2 C 



MeQ 2 C 




C0 2 H 



H 2 N 




Preparation 7: 4-methoxycarbonylcubane carboxylic acid 

A solution of cubane dimethyl ester (6.0g, 27.24 mmol) in 182 mL of dry THF is stirred under N 2 at 
r.t. a solution of methanolic NaOH (26 7 mmol, 10.7 mL 2 5 M) is added dropwise from a pressure 
equalized addition funnel and the resulting solution stirred at r.t. for 16 h. The mixture is evaporated 
under reduced pressure at r.t., the residue is taken up in 66 mL of water and extracted with 3 x 25 
mL of chloroform. The aqueous layer is acidified to pH 3 with concentrated HC1 and extracted with 
3x30 mL of chloroform. The combined organic layers were dried over magnesium sulphate, filtered 
and evaporated to give (2) 182-183 °C: L H NMR (CDC1 3 ) 5 3.72 (s, 3H), 4.27 (m, 6H). 
Yield 5.1 g(91%). 

Preparation 2: 4-methoxycarbonylcubane- 1-carbonyl chloride 

The monomethyl ester (2) (1.37 g, 6 65 mmol) is dissolved in 15 mL of thionyl chloride and 
gently refluxed overnight. The thionyl chloride is evaporated off and the resultant residue 
containing (3) was used immediately without further purification. 
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Preparation 3: 4-methoxycarbonylcubane-l -methyl ketone 

A suspension of copper iodide (1.49 g, 7.83 mmol) in 30 mL of dry THF is stirred at 0°C 
Methyl lithium (1 5.75 mmol, 1 1 .2 mL of 1 .4 M) was added and stirred at 0°C for 30 min, then 
cooled to 

-78°C. A solution of 1.6 g, 7. 12 mmol of (3) in 10 mL dry THF is added and the resultant 
mixture stirred for 1 h. at -78°C. The mixture was quenched with saturated ammonium chloride 
solution (15 mL) and extracted with 3 x 30 mL of diethyl ether. The combined organic layers 
were dried over magnesium sulphate, filtered and evaporated to give crude (4). The product 
was purified by silica chromatography (hexanes: ethyl acetate, 2:1) to give 1.0 g of product 
(yield 69%). m.p. 87-89°C 'HNMR (CDC1 3 ) 5 2.17 (s, 3H), 3.7 (s, 3H), 4.21 (m, 6H). 

Preparation 4: 4-methoxycarbonylcubane-l -methyl- 1 -(5, 5-hydantoin) 

A solution of the methyl ketone (4) (1.0 g, 4.9 mmol) in 40 mL of ethanol and 5 8 mL of 1 N 
NaOH, is stirred at 70°C for 4 h. The resulting solution is evaporated to dryness under reduced 
pressure and redissolved in 1 1 ethanol: water (20 mL). To this solution is added potassium 
cyanide (0.35 g, 5.4 mmol) and ammonium carbonate (0.96 g, 9.8 mmol) and the mixture 
heated in a sealed tube at 85°C for 24 h. The reaction is cooled, acidified with 6 N HC1 and 
reduced in volume until a precipitate forms. The precipitate is filtered and the filtrate 
evaporated to dryness and extracted with ethyl acetate. The solvent is evaporated and the 
product combined with the residue from above to give (5) as a white solid. Yield 0.95 g (75%) 
m. p . 244-248°C. NMR l H (DMSO) 5 1.18 (s, 3H) 3.9 (m, 3H), 4.0 (m, 3H), 8 1 (s, 1H), 10.6 
(s, 1H). 

Preparation 5: 4-carboxycubane-l-methylglycine 

The hydantoin (5) (0.95 g, 3.65 mmol) is dissolved in 30 mL of 2 N NaOH and heated to 1 70°C 
in a sealed tube for 20 h. The reaction is cooled and filtered to remove precipitate and the filter 
cake washed with 3 x 10 mL of water. The combined aqueous washings are evaporated to give 
crude (6) which is applied to Spectrum 1X4 anion exchange resin, eluted with 0 5 N acetic acid. 
Isolation by evaporation and crystallization gives (6) as colorless crystals, m.p. >250°C 
(decomp ) NMR. ] H (D 2 Oj 5 ] 38 fs. 3H), 3 95 (s, 6H) 



28-07-1999 



PCT/CA S9/ 0031 I 




Preparation I: 4-methoxycarbonylcubane- 1 -acetyl ethylcarboxylate. 

n-butyl lithium (34.83 mmol, 23.5 mL of 1.5 M) is added dropwise to a stirred solution of ethyl 
hydrogen malonate (2.32 g, 17.41 mmol) in 80 mL of dry THF under N 2 at -78°C. The mixture 
was warmed to -30°C over 0.5 h and then re-cooled to -78°C. The acid chloride of cubane 
monomethyl ester from example (2) above (2.35 g, 10.46 mmol) in 7 mL of THF is added 
dropwise to the stirred solution. The reaction is warmed slowly to r.t and stirred for a further 1 h. 
The solution is poured into 50 mL of 1 N HC1 and extracted with 3x50 mL of diethyl ether. 
The combined organic extracts are further extracted with 20 mL of saturated sodium hydrogen 
carbonate and brine, dried over magnesium sulphate, filtered and evaporated to give crude (2). 
The product is purified by column chromatography on silica with hexanes; ethyl acetate 2: 1 to 
yield 2.5 g (86%) of (2). 5 H NMR (CDC1 3 ) 6 1.2 (t, 3H) 3.4 (s, 2H), 3.65 (s, 3H), 4.2 (m, 8H). 
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Preparation 2: 4-methoxycarbonylcubane-l-(thioxanthyl)-acetyl ethylcarboxylate. 

cubane-0-ketoester (2) (1.1 5g, 4.16 mmol) and thioxanthene-9-ol (0.88g, 4.1 mmol) are 
dissolved in 18 mL of a 1 :1 mixture of ethanol: acetic acid and stirred at r.t. for 3 days. The 
resulting crystalline solid was filtered off to yield 1.52 g (77%) of pure (3) m.p. 147-149°C. l H 
NMR (CDCfe) 1 00 (t, 3H), 3.24 (s, 3H), 3.75 (m, 3H), 3.9 (q, 2H), 4.0 (m, 3H, 4.6 (d, 
1H), 5.0 (d, 1H), 7.3 (m, 8H). 

Preparation 3 4-carboxycubane-l-methylthioxanthylketone 

The thioxanthylcubane adduct (3) (1.69 g, 3.57 mmol) is dissolved in ethanol 33 mL and 8.7 mL 
of 1 N NaOH and heated at 70°C for 4 h. The resulting solution is evaporated and redissolved 
in 25 mL of water, acidified with 6 N HC1 and extracted with 3 x 50 mL of diethyl ether. The 
combined organic layers are dried over magnesium sulphate, filtered and concentrated to give a 
crude product containing (4). Chromatography on silica using ethyl acetate gives 1 .26 g (88%) 
of(4) 

■H NMR (CDC1 ; ) 6 2.8 (d, 2H), 3.8 (m, 3H), 4.0 (m, 3H), 4.7 (t, 1H), 7.3 (m, 8H), 9.5 (br, 
1H). 

Preparation 4: 4-carboxycubane- 1 -thioxanthyl- 1 -(5, 5 '-hydantoin) 

The thioxanthyl cubane ketone (4) (1.24 g, 3.22 mmol) is dissolved in 1 I ethanohwater (20 
mL). Potassium cyanide (0.522 g, 8.0 mmol) and ammonium carbonate (1.39 g, 14.4 mmol) are 
added and the solution heated in a sealed tube at 85°C for 65 h The reaction is cooled and 
acidified with 2 N HCI and extracted with 3 x 40 mL of ethyl acetate. The organic layers are 
combined, dried over magnesium sulphate, filtered and evaporated to give (5) 1.3 g (88%) as a 
crude product. This material was hydrolyzed in the next step without purification. 
'H NMR (CD ? OD) 5 1.7 (m, 1H), 2.7 (m, 1H), 3.8 (m, 3H), 4.0 (m, 3H), 4.3 (m, 1H), 7.4 
(m, 8H). 

Preparation 5. 4-carboxycubane- 1- thioxanthyl lglycine 
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The hydantoin adduct (5) (300 mg, 0.65 mmol) is taken up in 1 N NaOH (10 mL) and heated at 
170 °C for 20 h in a sealed tube. The mixture is cooled and the pH adjusted with 6 N HC1 to 
between 7 and 8. The precipitate formed is filtered and washed with water. The combined 
filtrate and washings are combined and evaporated to dryness. The resulting residue is purified 
by column chromatography and finally by reverse phase chromatography to yield (6) as 
colorless crystals. 70 mg. l H NMR (CD 3 OD + D 2 0) 5 2.3 (m, 2H), 3.9 (s, 6H), 4 4 (m, 1H), 
7.4 (m, 8H) 
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We claim: 



1 . A compound of the formula: 




0) 



wherein; 

Rl can be an acidic group selected from the group consisting of carboxyl, 
phosphonii, phrophino, sulfuric, sulfino, borono, telrazol, Lsoxazol, -CH 2 -carboxyL - 
CH 2 -phosphono 9 -Cliss-phosphino, -CH 2 -sulfono, -CH2-suifino, -CHa-bomno, -Clfe- 
tctrazol, and -CTVisoxazoi; 

R2 can be a basic group selected Worn the group consisting of 1° amino, 2 n amino, 3° 
amino, quaternary ammonium suits, aliphatic T amino, aliphatic 2° amino, aliphatic 
3 a amino, aliphatic quaternary ammonium salte, aromatic 1° amino, aromatic 2° 
amino, aromatic 3° amino, aromatic quaternary ammonium suits, imidaz*>l. 
guanidino, boronoamino, allyl, urea, thiourea. 

R3 can be H, aliphatic, aromatic or heterocyclic; 

R4 can be an acidic group selected from the group consisting of carboxyl, 
phosphono, phosphino, sulfono, sulfino, borono, lelrazol, isoxazol; and 
pharmaccuticaJly acceptable salts thereof. 

2. A compound as claimed in claim 1, wherein Rl is COOH. 

3. A compound as claimed in claim 2, wherein R2 is NH 2 . 

4. A compound a*s claimed in claim 1. wherein R3 can be -II* or -Me; or xanlhyt or 
thioxanthy! u*-CH 2 -xanth_>M t or -CH 2 -thioxanthyl and R4 is -COOH. 

3f<h 
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5. A process for tlie preparation of a compound of Formula I, or a pharmaceutics lly 
acceptable melabolically-labile ester or amide thereof, or a pharmaceuticaily 
acceptable salt thereof, which comprises: 
(a) hydrolyzing a compound of formula: 




wherein: K'l is an acidic group selected from the group consisting of 
curboxy], phosphono, pho.sphino. sulfono, sulfino, borono, letrazoi, isoxazol, 
-CH 2 -carboxyl, -CH^-phosphono, -CHz-phosphino, -CHz-sulfono, -CH 2 - 
suifino, -CHz-borono, -Ctb-tetrazol, -CH2-isoxazoJ andjiigher analogues 
thereof, or a protected form thereof, 1^3 can be H, aliphatic, aromatic or 
heterocyclic and R5 represents a hydrogen atom or an acyl group, and 
wherein preferred values forR5 Eire hydrogen and {2-6C) alkanoyl groups, 
such as acetyl; or 
(b) dcproiecting and hydrolyzing a compound of formula (U b) 



R'1 




0Tb) 



wherein: R'1 and R3 arc as defined above; or 



•4 
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(c) hydroJyriiifi a compound of formula: 
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(in> 



o 

wherein: R6 and R7 each independently represent a hydrogen atom, a (2-6C) 
alkanoyl group, a il-AO alkyl group, a (3-4C) alkenyl group or a phenyl 
<1-4C) alky I group in which the phenyl is unsubslilutcd or substituted by 
halogen, (1-4C) alkyl or (1-4C) alkoxy, or a sail thereof. R'l and R3 are as 
defined above; or 
(d) desprotccting a compound of formula: 



R'l 



(IV) 



R3 



wherein: R8 represents a hydrogen atom or a carboxyl protecting group, or a 
salt thereof, and R9 represents a hydrogen atiim or a nitrogen protecting 
group, R'l and R3 are as defined above; 
wheroafler. if necessary and/or desired: 

(i) resolving the compound of Formula I; 

(ii) converting the compound o T Formula I into a non-toxic 
melabolicatly- labile ester or amide thereof; and/or 

U'u) converting ihc compound of Formula I or a non-toxic metabolically- 
labilc ester or amide thereof into a pharmaceutical^ acceptable sail 
thereof. 
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6. A pharmaceutical formulation, which comprises a compound as claimed in claim 1 
and a pharmaceutical ly acceptable carrier, diluent or exctpienL 

7. A use of the compound according to claim 1 to modulate one or more meiabolropic 
glulamatc receptor functions in a warm blooded mammal, wherein said use 
comprises administering an effective amount of a compound of formula (I) as 
claimed in claim L 

8. A compound of formula: 




(I3a) 



wherein: K'l, R3 and R5 have the meanings as defined in claim 5. 
9« A compound of formula: 




wherein: R'l, R3 t R6 and R7 have meanings as defined in claim 5, 
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10. 



A compound of formula: 




(IV) 



NHR9 



wherein: R'l, R3, R8 and R9 have meanings as denned in claim 5. 

1 L A compound according to claim 1, wherein Rl us -COOH, R2 is R3 is H and 

R4 is COOH. 

12. A compound according to claim 1, wherein Rl is ~COOH, R2 is -Nti 2 , R3 is CHj 
and R4 is COOH. 

13. A compound according 10 claim 1 3 wherein Rl is -COOH, R2 is -NH2, R3 is -CH2- 
thioseanthy and R4 is COOH. 

14. A use of ihc compound according to claim ! for the treatment of a neurological 
disease or disorder selected from the group comprising: cerebral deficits subsequent 
to cardiac bypass surgery and grafting, cerebral ischemia , stroke, cardiac arrest, 
spinal cord trauma, head trauma, perinatal hypoxia, and hypoglycemic neuronal 
damage, Alzheimer 1 * disease, Huntington's Qhorca, amyotrophic lateral sclerosis, 
AIDS-induced dementia, ocular damage, retinopathy, cognitive disorders, idiopathic 
and drug-ind creed Parkinson's disease, miiscuiarspasms, convulsions, migraine 
headaches, urinary incontinence, psychosis, drug tolerance, withdrawal, and 
cessation (i.e. opiates, benzodiazepines, nicotine, cocaine, orethanol), smoking 
cessation, anxiety and related disorders (p.g, panic attack), emesis, bram edema, 
chronic pain, sleep disorders, Tovrette's syndrome, attention deficit disorder, and 
tardive dyskinesia, therein said use comprises adminLstering an cHecuve amount of 
a compotmd of formula (1). 
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1 5. A use of the compound according to claim 1 for the treatment oi a psychiatric 
disease or disorder selected from the group comprising; ,schi2uphrcnia. anxiety and 
related disorders (e.g. panic attack), depression, bipolar disorders, psychosis, and 
obsessive compulsive disorders, wherein said use comprises administering an 
effective amount of a compound of formula <I). 

16. The use according to any one or claims 7, 14 or 15 wherein said compound is 
selected from the group of compounds comprising: 




1 7. A use of the compound: 




f or the treaiment of cerebral Ischemia, stroke and cardiac arrest, wherein said use 
comprises administering an effective amount of the said compound. 
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18. A compound of formula: 




(lib) 



wherein: R r l and R3 have the meaning as defined in claim 5. 

19. A compound according to claim 18, wherein: R'l Is -COOMe, R3 is H. 

20. A compound according u> claim 9, wherein: R'l is -COOH, R3 is CH3, JL6 = R7 Ls 



21. A compound according lo claim 9, therein: R'l Ls — COOH, R3 is -CH2- 
thfoxanthyl, R6 = R7isH. 
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Figure 1 



The Actions of a Compound of the Invention as an A ntagonist of PI Hydro lysis 
evoked through the mGluR 1 receptor by 10 uM (L)-GIu 
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applicability; citations and explanations supporting such statement 

1. Statement 

Novelty (N) Claims 1-10 

Inventive step (IS) Claims 1 -1 0 

Industrial applicability (IA) Claims 7 

2. Citations and explanations 
see separate sheet 



• # 



RITTEN OPINION International application No. PCT/CA99/0031 1 



VI. Certain documents cited 

1 . Certain published documents (Rule 70.10) 
and /or 

2, Non-written disclosures (Rule 70.9) 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 

see separate sheet 
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V. 

In the light of the documents cited in the search report the present claims 1-10 can be 
considered as being novel (Art. 33(2) PCT). 

Further, the present claims 1-10 can be considered as being inventive (Art. 33(3) PCT) 
as the object of the present application, namely to provide compounds that 
demonstrate activity at the various metabotropic glutamate receptors (mGluRs), and 
the presently claimed solution have not been suggested by any of the cited prior art 
documents. D1 (PELLICCiARI et al, Asymmertic Synthesis of Enantiomerically pure 
(2S,1 , S,2'S J 3'R)-Phenylcarboxycyclopropylglycine, BIOORGANIC & MEDICINAL 
CHEMISTRY LETTERS, vol. 6, no. 18, pages 2243-2246, 1996) which can be 
considered as closest prior art document refers to cyclopropyl analogs and in the light 
of this teaching it was not obvious for a skilled person to arrive at the present subject- 
matter. 

For the assessment of the present claim 7 on the question whether it is industrially 
applicable, no unified criteria exist in the PCT Contracting States. The patentability can 
also be dependent upon the formulation of the claim. The EPO, for ex ample, does no t 
recognize as industrially applicable the subject-matter of claims .to the use of a 
compoundTn Trfea'icaTTfeatment, but may allow, however, claims to a known compound 
for first use in medical treatment and the use of such a compound for the manufacture 
of a medicament for a new medical trea^ 

VI. - . - 

The present application claims priority rights from 17/4/98. The priority document 
pertaining to the present application was not available at the time of estabilishing this 
first written opinion. Hence it is based on the assumption that all claims enjoy priority 
rights from the filing date of the priority document. If it later turns out that this is not 
correct, the document PELLICCIARI et al: "Synthesis and preliminary evaluation of (S)- 
2-(4'-carboxycubyl)glycine, a new selective mGluRI antagonist" BIOORGANIC & 
MEDICINAL CHEMISTRY LETTERS, vol. 8, no. 12, 16/6/98, pages 1569-1574, cited in 
the search report would become very relevant in the assessment of the patentability of 
the present application. 

VII. 

. Claim 3 which refers to claim 1 is inconsistent with claim 1 as it claims R2 = COOHL_ 
Further, claim 4 which refers to claim 1 is inconsistent with claim 1 as it claims R4 
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NH 2 . 
VIII. 

The term "aliphatic" (claim 1) is too broad in scope and therefore too unclear (Art. 6 
PCT). 

Further, expressions as "the like" and "about" with reference to ranges are too unclear. 
In claim^^S^IOthgjfliafinition of the substituents should be included or a rejexejice„ta 
claim 1 should be incgrpoxated. 



The demand must be filed directly with the competent International Prelimi$aiy Examining Authority or, if two or more Authorities are competent, 
with the one chosen by the applicant. The M^ame or two4etter code Of that Authority may be indeed by die applicant on the line below: 

IPEAV Wt W 



PCT 

DEMAND 

under Article 3 L of the Patent Cooperation Treaty: 
The undersigned requests that the international application specified below be the subject of 
international preliminary examination according to the Patent Cooperation Treaty and 
hereby elects all eligible States (except where otherwise indicated). 



CHAPTER II 



For International Preliminary 

Identification of IPEA 


Date of receipt of DEMAND 


Box No, I IDENTIFICATION OF THE INTERNATIONAL APPLICATION 


Applicant's or agent's file reference 
379-1 10PCT 


International application No. International filing date (day/month/year) \ 
PCT/CA99/00311 19 April 1999 


(Earliest) Priority date (day/month/year) 
17 April 1998 


cubM%rivatives as metabotropic glutamate receptor 

ANTAGONISTS AND PROCESS FOR THETR PREPARATION 


Box No. E APPLICANT(S) 


Name and address: (Family name followed by given name; for a legal entity, Ml official designation. 
The address must Include postal code and name of country.) 

CURRY, Kenneth 

1 176 East King Edward Avenue 

Vancouver, British Columbia 

V5V 2G2 

Canada 


Telephone No.: 


Facsimile No.: 


Teleprinter No.: 


State (thai is, country) of nationality: 
CA 


State (that is, country) of residence: 
CA 


Name and address: (Family name followed by given name; for a legal entity, full ofQcial designation. The address must include postal code and name of country.) 

PAJOUHESH, Hassan 
Suite 601 

1020 Harwood Street 
Vancouver, British Columbia 
V6E 1S1 


State (that is. country) of nationality: 
CA 


State (that is, country) of residence: 
CA 


Name and address: (Family name followed by given name; for a legal entity, full official designation. The address must include postal code and name ofcountry.) 


State (that is, country) of nationality: 


State (that is, county) of residence: 


| [ Further applicants are indicated on a continuation sheet 
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See Notes to the demand form 



• 2 
Sheet No.f .. 1^ 



lational application No. 
PCT/CA99/00311 



Box *L III AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE 



The following person is gj agent □ common representative 

and \X] has been appointed earlier and represents the applicant(s) also for international preliminary examination. 
| | i s hereby appointed and any earlier appointment of (an) agency common representative is hereby revoked, 
pi is hereby appointed, specifically for the procedure before the International Preliminary Examining Authority, in addition to 
1 — 1 the agent(s)/common representative appointed earlier. 



Name and address* (Family name followed by given name; for a legal entity Ml official designation. 
1 The address must include postal code and name of country.) 



MBM & CO. 

P.O. Box 809, Station B 
Ottawa, Ontario 
K1P5P9 
Canada 



Telephone No.: 

(613) 567-0762 



Facsimile No.: 

(613) 563-7671 



Teleprinter No.: 



I—I Address for correspondence: Mark this check-box where no agent or common representative :is/has been appointed and the 
LJ space above is used instead to indicate a special address to which correspondence should be sent. 



Box No. IV BASIS FOR INTERNATIONAL PRELIMINARY EXAMINATION 



Statement concerning amendments:* 

1 . The applicant wishes the international preliminary examination to start on the basis of: 
| | the international application as originally filed 

the description Q as originally filed 

| | as amended under Article 34 

the claims \~\ as originally filed 

| | as amended under Article 1 9 (together with any accompanying statement) 
| [ as amended under Article 34 

the drawings as originally filed 

| | as amended under Article 34 - 

2. O The applicant wishes any amendment to the claims under Article 19 to be considered as reversed. 

3 n The applicant wishes the start of the international preliminary examination to be postponed until the expiration of 20 months 
L — 1 from the priority date unless the International Preiiminary Examining Authority receives a copy of any amendments made 
under Article 19 or a notice from the applicant that he does not wish to make such amendments (Rule 69.1(d)). (This check- 
box may be marked only where the time limit under Article 1 9 has not yet expired.) 
* Where no check-box is marked, international preliminary examination will start on the basis of the international application 
as originally filed or where a copy of amendments to the claims under Article 1 9 and/or amendments of the international application 
under Article 34 are received by the International Preliminary Examining Authority before it has begun to draw up a written opmion 
or the international preliminary examination report, as so amended. 



Language for the purposes of international preliminary examination: English 

[X] which is the language in which the international application was filed. 

[ | which is the language of a translation furnished for the purposes of international search. 

j | which is the language of publication of the international application. 

[~| whichis the language of the translation (to be) furmshedforthepurpos 



Box, No. V ELECTION OF STATES 



The applicant hereby elects all eligible States (that is, all States which have been designated and which are bound by Chapter II of 
the PCT) 

excluding the following States which the applicant wishes not to elect: 
None 
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The demand is accompanied by the following elements, in the language referred to in 
Box No. IV, for the purposes of international prelirninary examination; 

1. translation of international application : sheets 


For International Preliminary 
Examining Authority use only 

received not received 

□ □ 


2 . amendments under Article 34 : 


sheets 


□ 


□ 


3 . copy (or, where required, translation) of 

amendments under Article 1 9 : 


sheets 


□ 


□ 


4 . copy (or, where required, translation) of 

statement under Article 1 9 : 


sheets 


□ 


□ 


5. letter : 


sheets 


□ 


□ 


6. other (specify) : 


sheets 


□ 


□ 



Box No. VI CHECKLIST 



The demand is also accompanied by the item(s) marked below: 

1. | | fee calculation sheet 

2- | | separate signed power of attorney 

3. 1 | copy of general power of attorney; 
reference number, if any: 



4. statement explaining lack of signature 

5. I | nucleotide and or amino acid sequence listing in 

computer readable form 

' 6i CZ3 ot!ier ( s P ec ^y) : 



Box No. VII SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE 



Next to each signature, indicate the name of the person signing and the capacity in which die person signs (if such capacity is not obvious from reading the demand). 



MBM & CO. (Margaret Swain, Partner) 



I. 


Date of actual receipt of DEMAND: 


2. 


Adjusted date of receipt of demand due 
to CORRECTIONS under Rule 60.1(b): 


3. 


1 | The date of receipt of the demand is AFTER the expiration of 1 9 months i — i The applicant has been 
1 — I from the priority date and item 4 or 5 , below, does not apply. 1 — 1 informed accordingly. 


4. 


|~| J u i e d 8 a ( S e 5 0f receipt of Uie demand is mTi ™ fr e Period of 19 months from the priority date as extended by virtue of 


5. 


PI A1 ^^ro^ date of receipt of ±e demand is after &e Ration of 1 9 months from the priority date, the delay in arrival 
l — > is EXCUSED pursuant to Rule 82. 



For International Bureau use only 



Demand received from IPEA on: 
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